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LlII .—Contrihitions to the Chemistry of CaranieL 

Part J. Caramelan, 

By Mae"^ CunninghxVm and Charles Doeee. 

The action of heat on sugars pioduces a mixture of coiiipoiinds 
which is usually known as caramel. Caramel products have been 
used for a long time on account of their colouring properties, and 
their manufacture has attained a certain degree of exactness, since 
it is possible to make, at will, colours of varying qualities and 
different degrees of solubility and stability. The knowledge so 
gained is largely empirical, and very little is known of the chemical 
nature of the caramel compounds and of their relations to the 
parent siihstance and to one ai 3 other. The absence of investigation 
is accounted for partly by the indefinite position of these sub¬ 
stances among the carbohydrates and partly by the tecliiiical dilE- 
culties involved. The caramel compounds are very complex, very 
difficult to separate from one another, and are without definite 
melting points or other criteria of purity. They are amorphous, 
yield no ci 7 stalline deiivatives, and readily form colloidal solu¬ 
tions. Our present knowledge of caramel from siiciose is confined, 
for the most part, to the researches of Gelis (xi/???. Ohino Fhi/s,, 
1858, [iii], 52, 352; 1862, [lii], 65, 496), who showed that when 
sucrose is heated to 180—190® there are formed three products, 
which he named caramelan, caramelen, and earamelin, the order of 
their formation following the ox*der of the vowels. Analysis 
showed that these three products arc carboliydrates formed appa¬ 
rently by successive dehydration and polymerisation, until in 
earamelin a substance of high molecular weight and colloidal char¬ 
acter » reached. Their formation may be represented, for pur¬ 
poses of coiyq>arison, by the following equations: 

(i) 60 i 2 Hii 20 |jL— 12 H 20 = 6012 ^ 3^09 (caramelan). 

(ii) 6CpII, >033 -18 E .>0 = 2Cg^H4gO.?4 ^(caramelen). 

(iii) 6 CAOh-.-27H;0«8CmI 

Practically notWog ha® since "been a 1462 

caramel. Por » lo«g tiwe mi hav 
of the process fomiSiw cd c(M»| IARJ 

'apart fro-m its 

pi the constitTitifo* at c«J3isiihai its "MiaaeMip- 
hydrates, and especially on the connected problem „of the fonneitiion 
of humus, peat, and coal in the soil. Cellulose is g«i«rally repre- 
sented^by the formula giten by (Jjseep {T„ 1M6, 80, 811), naanely, 
as a complex based on i OjHujQ® 'ttnit deriv«d from dextrose tip 
rbs*. b 
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units being joined tliroiigh oxygen atoms (foriniila I). Tnis view 
lias received support from tlie observation of Wiilstatter (Ber,, 
1913, 46, 2401) that cellulose passes quantitatively intO' dextrose 
wlieii treated -witli cold concentrated liydrocliloric acid, altliougli 
previous work on the production of codiydroxynietliylfurfuraldehyde 
(Fenton, T,, 1901, 79, 361) from cellulose pointed rather to a 
ketonic structure. 

The little evidence available points to sucrose as the precursor of 
cellulose in the develoiiment of plants. The constitution of sucrose 
is generally represented by Fischer’s formula ^ (II) (Ber., 1893, 
26, 2405). Two possible formulae for caranielan, based on it, are 
given (III) and (IV), which explain to some extent our results. 
The analogy to cellulose (I) is seen and the capacity shown by the 
cararnelan unit to form more complex molecules can readily,'; be 
explained by the opening up of the butylene oxide linking, union 
taking place between the oxygen atoms. 

HO-OH-OH-CH.-OH 

I >0 

HO-CH-O-CH^-OH 

>0 

HO-CH-OH 

I >0 

HO-CH-OH-OH(OH)-OHj-OH 

(11.) Fischer’s formula for sucrose, 


EO-CH-CH—CHg 

1 >0 >0 

HO-CH-C-CHj 

>0 

HO-CH-OH 

I >0 

HO-CH-OH-CO-CHg 

(III) 

Possible formulss for cararnelan, CiaHigOfl, .. 

By chemical and bacterial action in the soil, cellulose is traiiB- ; 
' formed into'liumush'This-.'product;■■ie:"-gbn^rally stated to consist ( 
of {a} humic acid,'Ci 2 H 2 o 06 P;.^Itiblb:;bi''!aUcali'hydroxides and 'repre* ;| 
’ 'cipitated on 'addition' of 'abid% (5)''humin,' insolublein alkaline | 
, 'solutions, '.requiring fusion''"with alkalis,' before solution can be 
.'obtained. Very similar humus products ,'are,. obtained by the ^ 
hydrolysis of carbohydrates by acids and alkalis* Sestini tj 

1880, 10, 121, 240, 355) obtained from sucrose (a) soluble sao : 

* As there is n<^evidence ' to' show that' the hexose groupings in sucrese " 
retain their original configiuration in ’earamelanj’ Haw'orth' and '"Law^'k/'irebent 
lepmda for sucrose (T., 191^, l'09,',13i9):;'has not,, for,'the mO'ment, boon 


HO-CH-Cfl-CH„. 

1 >0 ho 

HO-OH-0—CH/ 

>0 

HO-CH-CH 

I >0 

H0-C.H-0H-GH„-CI:10 

(IV.) 


0 — 

H0'0H-CH-(!!H-0H 

I >0 

HO'CH-CH-CHj 


(I.) Cellulose unit group (Green). 
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ciiiilmic acid, and (b) insoluble saccliiiliniii, 

Botioniley {Biochcm. 1915, 9, 260) lias recently staled tliat 
liiimic acid and liiniiin are formed from sucrose by beating it to 
220^^, and suggests tliat in peat bogs the carbohydrates of decaying 
organic matter may pass ihroiigh changes similar to those observed 
when sucrose is heated to a high temperature, thus, sucrose, cara- 
melan, humic acid, humin, and finally carbonisation (peat, coal). 
Botiomley also found that artificial hiunic acid obtained by boiling 
dextrose with hydrochloric acid had a composition very similar 
to the natural humic acid prepared from peat. 

Bisume of Previous Work ou Caramel Compounds. 

G-elis (loc. cit.) showed that sucrose melted at and if kept at 
tliat temperature changed without loss of weight into dextrose and 
Iseviilosan, C^H 3 q 05 . 

By 1 ‘aising tlie temperature to ISO—190° he obtained the three 
carbohydrates, caramelan, caranielen, and caraineliii. The propor¬ 
tion in which each of these was formed varied with the time of 
heating and the consequent loss of weight. A loss of 12 per cent, 
gave mostly caramelan, a loss of 15 per cent, chiefly caranielen, 
and with a loss of 22 per cent, the product consisted almost entirely 
of caramel! 11 . These three compounds were separated by extract¬ 
ing the caramelan with 84 per cent, alcohol, in which caramelen 
and caramelin were insoluble. The caramelen was then removed 
by extraction with cold water, leaving caramelin, which was soluble 
only in 60 per cent, alcohol or hot water. 

Caramelan, prepared in this way, is described as a brown, brittle 
solid of a bitter taste. It softens at 108°, is very deliquescent, and 
very readily soluble in water, Tlie aqueous solution is not precipi¬ 
tated by metallic salts, but silver nitrate and Feliling’s solutions 
are reduced. When treated wiilt an alcoholic solution of lead 
acetate a compound, precipitated, whilst ammonia- 

cal lead a,cetato gives Ci.2TT^(Pg,2PbO. Similar preparation^ were 
obtained with barium. Prom analysis of the lead and barium 
compounds and of caramelan itself, Gelis assigned to it the formula 

Caramelen is described as a brown substance much darker in 
colour than caramelan and not deliquescent. It reduces Behling’s 
solution and forms compounds with lead and barium similar to 
those of caramelan. The composition was found to be CggHigOgi- 

The hot aqueous solution yielded caramelin, which is a colloidal 
substance described by 641is as existing in three modifications, 
Ay and C\ of which A is soluble in cold water, B only in boiHhg 
, and G insoluble in all ordinary solvents. Caramelin ,4 

" i ? 2 
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parses into tlie niodiiication B on evaporating its ac|ueous soliitioii, 
and can thus be separated from carainelen. All tliree modifica¬ 
tions give the same eompoiuid witli bariniii^ and have therefore tlif3 
same composition^ namely, C 9 -H 2 Q 2 O 51 . Caramelin reduces Feliliiigvs 
solution and is precipitated from solution by almost all metallic 
salts. It is infusible, very diihcult to burn, and much darker in 
colour than carainelen or caranielan. 

Graham (Joam. Chew. Soc., 1S62, 15, 258) prepared pure cara- 
iiielin by diah^sing an aqueous solution of caramel, when iiii- 
clianged sucrose, caramelaji, and carainelen pafeed through the 
diaiyser and caramelin remained l;eiiind. 

Caraineliii pre]>ared in this way had a siniiJa-r composiiiuji, 
iiaiiiely, properties to the caramelin prepared by 

Gelis. It is precipitated from solution by metallic .salts, and if its 
aqueous solution is evaporated in ,a. vacunili it remains soluble, but 
if evaporation takes place at 100 ° an insoluble product is formed 
wliicli will dissolve only in alkali hydroxides. 

The niolecular weight of ' caramel' probabl}^' consisting largely 
of caraineliii, was determined by Gladstone and TrihO', whO' found 
the value 1700, corresponding witli Gelis's formula. 

In 1899 carainelan was examined by Stolle [Zdimh. ICuheah 
%ucher Industrie, 1899, 49, 800; 1901, 51, 836; 1903, 63, 1149),-^^ 
who prepared it by heating sucrose at 180—190° until tliere was 
a loss of weight of 12 per cent. He found that no carbon dioxide 
or other products were formed until the temperature rose above 
180°. Caranielan is therefore formed by simple loss of water, and 
by analysis and a molecular weight determination Stolle (U)nfirmed 
the molecular fornuila, hydrolysis, a liexoscj similar 

to dextrose was obtained which could not he identified. 

In 1906 TriMat (Zeitsch. Eiibenmtcher Industrie, 190(), 66 , 95) 
examined the volatile products formed when sucrose is lieatcd. At 
200 °, OT—0*3 per cent, of formaldehyde was obtained. At 100°, 
traces^ only were apparent even after twenty-four hours, but at 
150° it was perceptible even in a few minutes. Triilat concluded 
that caramel is really a combination of the polymerised products of 
formaldehyde. 

The work described in the present communication deals chiefly 
with 'the caramelan from sucrose. Although a study of the action 
of 'heat'O'U dextrose would seem to be a simpler problem, the pro¬ 
ducts obtained,' whilst apparently no less complex, proved very 
much'‘more .difficult to separate than those from sucrose. The 
methods previously'give''E,;for, the prepai^atio'ii of, caramela.n have 
.been' 'examined- The composition' been conlir'inO'di 
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but iTiaiiy of tlie re.siilU o]>tained poijit to Co|T-T-(jO|g as tli© mole¬ 
cular unit. The presence of four hydroxyl groups in tlie Cj .3 
forniiila lias been established by tho' p-reparatioii of esters, of 
which the explosive nitrate is of interest. Coinpouiids with plieiiyl- 
hydraziiie and seinicarbazide have been prepared, but although 
tliese point to tlie presence of a carbonyl groiiping, ^ their coiiiposi" 
tion does not corresi^ond with, that of a simple derivative- of 
tnoIIigOf). Analysis shows that dehydration and condensation have 
siinxiltaneonsly taken place, a characteristic plieiionieiion observed 
also ill all the cases of oxidation which have been studied. On 
hydrolysis with dilute acids, dextrose and niethylfiirfiiraldeliycle 
have been obtained and a humus 2>i'oc1nct. The action of concen¬ 
trated acid does not give simple sugars, as with cellulose, but 
results ill furtlier dehydration to caramelin. 

E X P E E I M E N T A L. 

The Prejyaratioii- of Cmrt/nelan. 

Preliminary experiments were undertaken to test the accuracy 
of the statement that sucrovse, if heated at 170—180^"’ until there 
is a loss of weiglit of 12 per cent./loses water only. This state¬ 
ment u'mplies that sucrose passes quantiintively into earamelan 
according to tlie equation: 

C^.T-LoOii-C, JI,Ah -^2^? 

which recpiires a loss of weight of 10*5 per cent, (the figure 11*77 
■ given l)y Stolle being calculated, on. the weight of earamelan instead 
of on that of sucrose). The experiment described lieloxv shows that 
with a loss ill weight of 10 jier cent, and even at 1G8° other pro- 
''ducts, besides water, are formed. A weighed quantity of sucrose 
was hfeted in ■a boiling tube attached to a wash-bottle containing 
12 per cent, hydrochloric acid to dissolve any furliiraldehyde 
formed. At 168^ (thermometer placed in the sugar) oily drops 
liegasu to distil over which dissolved in the acid. The heating was 
continued at tliis tempC'rature for two and a-half hours. On testing 
the hydroehloric acid solution with phloroglucinol, a black precipi¬ 
tate was obtained showing the presence of furfuraklehyde. Pun¬ 
gent acid vapours and carbon dioxide were also evolved. The loss 
of wmight was 10 per cent., and this cannot all be due to loss of 
water. It was found, however, that if ' sucrose ns heated, at 
170—180^-^ until tlie doss of weight is 12 per cent., practically pure' 
earamelan free from- sucrose and higher caramel products was 
obtained. This was the method, of preparation finally adopted, 
300 grams of sucrose requiring about four hours^ heating. ■, 

Considerable quantities of earamelan,were alsO' prepared accord-' 
-ing to Oelis's method, which is more tedious to carry' out than the 
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oil© described above', alfcbongli tlie time of beating is greatly 
reduced owing to the higher temperature employed. The details 
are as follows: 

Three- liiiiidred grams of sucrose were lieate-cl in a porcelain 
beaker at 180—190° and stirred continually witli the thermoiiieter. 
After two hours, tlie loss of weight was 12 ]>er cent. The contents 
of the beaker were disvsolved in water, the solution titered, and the 
filtrate evaporated to a syrup, which was dried at 100° and finely 
powdered. The powder was treated with boiling 84 per cent, 
alcohol and filtered hot, the filtrate being evaporated on the water- 
bath and finally dried at 120°. 

Caranielan, prepared in these ways, is a brown, gritty powder,- 
very hygroscopic, but not viscid unless damp. When quite dry, its 
inelting pioiiit is 136°, but if at all moist it begins to soften at 
100°. It is very readily soluble in water, fairly so in 84 per cent, 
alcohol, pyridine, methyl alcohol, or hob glacial acetic acid; 
insoluble in ether, alcohol, or benzene. It reduces silver nitrate 
and Fehling’s solution. A concentrated aqueous solution acidified 
with iiydrochloric acid gives a red pi^ecipitate on the addition of 
resorcinol, which is soluble* in alcohol or alkalis. Phloroglucinol 
gives a similar precipitate, but of a deeper colour. 

Ill order to prepare a pure sample of caramelan for analysis, 
attempts were made to precipitate it from aqueous solution by 
means of alcohol. The substance, however, separated as a syi*up 
which could not be collected, but it ivas found that if the solution 
contained acetic acl-d or ammonia, a ilocculenfc precipitate was 
obtained which settled well and could be collected and washed with 
alcohol. After drying, it formed a buil-coloiired powder much 
paler in colour than crude caramelan: 

0*0993 gave 0*1707 CO. and 0*0567 H.O. C = 46*9; II ==6*3. 

Cj.HjgOQ requires C = 47*l; 11 = 5*9 per cent. 

Stolle found G = 46'2; H = 6*4 per cent. 

Molecular-weiglit determinations of caramelan and some of its 
derivatives -were also carried out. These will he discussed, later. 

The Esters of Caramelan. 

The formula Cj^HjgOg indicates that the eight liydroxyl groups 
in eticrosediave been reduced to four in caramelan. This was veri¬ 
fied, by the preparation of the following esters: 

.Caramelan ^,Tetra-acetatej 'Ci 2 lI| 409 (CH 3 *C 0 ) 4 ,'—A mixture of 
: 20, • grams of caramelan, 40 grains of fused sodium acetate, -and 
60 'grams^pf acetic anhydride was boiled for,two hours under a 
reflux condenser. The , contents of ■ the, flask became- very -dark- 
'' ,-coloured. , On pouring into w’-ater a voluminous, brown: precipitate 



CHEMISTRY OF CARAMEL. PART I. 


595 


formed, wliicli was w'ashecl several times by decantation. It was 
dissolved in liot alcoliol and precipitated by tbe addition of salt 
solution. After washing and drying in a vacuum, tlie acetate 
formed a yellow powder insoluble in water or ether, but soluble in 
benzene, Iiot alcoliol, or glacial acetic acid. On beating, it sliriiiks 
at 96° and melts at 107° It reduces silver nitrate and Feliling’s 
solution. (Found, C==.51*0; H = 5'8. requires C = 50*6; 

Ii™5*5 per cent.) 

Stolle (/oo. cit,) obtained this compound in 1899, and Iiis descrip¬ 
tion agrees, with slight exception, with that of the above prepara¬ 
tion, 

Garamelan, Tedrahenzoate, Cj 2 Hj 40 Q(CtjH 5 *C 0 ) 4 .—Five grams of 
caramelaii dissolved in 30 c.c. of dry pyridine were mixed with 
10 grams of benzoyl chloride diluted with the same solvent. After 
remaining for t-welve hours, the mixture was poured into water, 
wdieii a tarry precipitate formed which was dissolved in acetone and 
precipitated by salt solution. The precipitate was washed with 
water and dried in a vacuum. The benzoate formed a pale buff- 
coloured powder melting at 105—108°, soluble in acetone, chloro¬ 
form, alcohol, or benzene, and insoluble- in ^vater, ether, or light 
petroleum : 

0-1497 gave 0*3630 COo and 0-0661 HoO. C = 66*l.; H = 4-9. 

QioHoiOjg requires C“66*5; H = 4-7 per cent. 

Oarcmielan Tetramirate^ Cj 2 H 540 r|(]Sr 02 ) 4 .—Five- grams of cara- 
melan, cooled in ice, were treatedwvith 50 c.c. of fuming nitric acid, 
in which it dissolved quite readily, and 25 c.c. of concentrated 
sulphuric acid were gradually added. A solid clot formed, which 
was washed with ice-water by decantation after the hulk of the 
acid had been poured off. When chned, the product was dissolved 
in hot alcohol, from which it separated on cooling. The nitrate 
forms a yellow powder which inflames violently on warming, 
resembling nitrocellulose in this respect. It is very readily soluble 
ill ether, alcohol, or benzene-, but insoluble in water. The nitrate 
decomposes so easily on warming that it was impossible to analyse 
it by the ordinary method. The nitrogen content was therefore 
estimated by tlie nitrometer: 

0*1163 gave 21*4 c.c. NO at 14° and 758 mm. N==11‘0. 

Ci 2 Hi 40 ;j 7 N 4 requires N = ll*5 per cent. 

The Molemlar Weights of Oaramelan and its Esters. 

Stolle, as the result of a single determination in nqtieous solu¬ 
tion, obtained a value for the molecular weight of caxamelan corre¬ 
sponding with the formula CjaHigO^. The following experiments 
do 'not confirm this. ’ ■ ', , ; 
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(a) Caraiiielaii. Solvent, water. CjoTI-jgOt, requires M.W. “30G. 


Coii(3eiitratioii 

Weight 

Depress ion 


of 

of 

of the 


solution. 

substance 

freezing 

Molecviia.r 

per cent. 

taken. 

point. 

weight. 

0-8 

0-2477 

o-osr 

385 

2-9 

0-8657 

0-103" 

509 

3*3 

0-8959 

0-113" 

*>39 

44 

1-2345 

0-138"^ 

546 


(h) Cararnelaii tetra-acetate, CooHo^Oj^ requires M.W. = 474. 

(i) 0*475 ill 31 Leozeiie gave A/= •'1-0*041'^. IVI.W. = 972,. 

(ii) OSSBo ill 3i benzene gave A^:=-f 0‘072°. M.W, = 972. 

(e) C>araTr!elaii tetra,benzoate, C,j^jIL 40 j; 5 , requires M.W. = 722, 

(i) 0*3135 ill 41*8 etliyleiie dibromide gave A/— — 0*042^"\ 
M:W. = 2107. 

(ii) 0*7439 in 41*8 etliyleiie dibromide gave A3^= — 0*0,87°. 

M.W. = 2414 . ' '"N 

Tlie results indicate, in tlio case of caranielan ami its acetate, a 
molecular weight of twice that corresponding witli tlie foriniila 
They may be explained by the well known aHsocin.tioii 
phenomena sliown by polyhydroxy-compoiinds in the limited range 
of solvents available, and the fact that the benzoate gives a value 
three- times that of the simple formula may be held to support this 
view. Several observations described below, however, are host 
explained on the assumption of tlie double formula, and, althougli 
it is not possible to decide definitely, a review of tlie evidence, as a. 
whole ])oints to the formula Cb,iTIv)r. 0 .i,s the correct one. 

The jilflehydic or Ketofiic Ohiraeter of OnranfcTni, 

Caranielan, besides reducing silver nitrate and Feliling’s solu¬ 
tion, gives red precipitates wdtli resorcinol and p],iIorogIuci,noL The 
reaction with'these phenols is generally described as characteristic 
of ketoses, and points to the presence of a ketonic, group'ih'cara- 
melaii which should give the usual derivatives. , Caramelaii, when 
wanned with phenyl hydrazine, gives' an insoluble compound which 
readily fo,r,ms colloidal solutions, but although a number of pre¬ 
parations' were made, under varying'Conditions, none of them had 
the composition of a simple hydrazone. 

Analysis of' all tTie derivatives showed that polymerisation to a 
C 24 molecule had taken ,place, together with a varying loss of Avater. 
An obvious way to avoid this -dehydration would be to work with 
one of the e'Sters, but although the acetate, when treated with 
plienylliydraziiie, yields an insoluble compound, th'is has not yet 
been obtained sufficiently pure for analysis owing to the difficulty 
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of sepai'atiiig tlie Jiydrazon© froiri imcliasiged acetate^ since Ijotli 
are soluble in tlie same sqlvents. 

(I) Eeactio-/i> loiik FlimylJiydrazine in the PreBcnce of Acetic 
Acid, —Five grams of caramelan were dissolved in water and 
4 grams of plienyliiydrazine in acetic acid solution added, together 
with 2 grains of sodium acetate. The mixture was warmed on the 
water-bath and after twenty minutes a precipitate began to form. 
Tlie precipitate settled well after the addition of brine and was 
washed with water containing acetic acid. After being dried, it 
formed a dark red, infusible powder, sparingly soluble in alcohol 
or pyridine, A vSecond preparation was made, using only half the 
quantity of plienylliydrazine. Analysis of these two derivatives 
gave the following results: 

(i) 0-0996 gave 0-1972 CO^ and 0*0494 II.O. C = 54*2; H = o-5. 

0*1407 „ 4*1 c.c. (moist) at 13'^ and 770 rum. 1 n=3'5. 

(ii) 0-1035 „ 0-2071 CO. and 0*0544 HoO. C = 54-6; 11 = 5*8. 

0*2440 „ 7*4 c.c. N. (moist) at 23° and 770 mm. N = 3*S. 

CgjjHjjgOighTo requires C = 54*l; H = 5*7; ^ = 4*2 per cent. 

A conipouiid, CgfjHggOjj-No, would be formed from caramelan 
according to the equation : 

2Ci,Hi80e -h GoHa-NK-NIL = + SILO. 

II. Reaction -with Idiiori/lhydraziitc lit the FreBioice of Sulphuric 
/:! cid. —The reaction with plienylliydrazine was next carried out 
in, the presence of siilpliiiric acid to confirm, if possible, our first 
impression that tlie low value found for nitrogen indicated, not 
til©' formation of a hydrazoiie, but a condensation similar to the 
carbazole reaction, ammonia being eliminated (Doree, T., 1909, 95, 
653). The compound obtained was similar to that described above, 
• but on analysis : 

0*1159 gave 0-266(> COo and 0*0501 H 2 O. C = 62*7,; H = 4*8. 

,0*4070 ,, 18*6 c.c. No (moist) at 15° and.758 mm. ■ N = 5'3. 

C 3 oH 2 sOi()No requires C = 62*4; 11 = 4*8; N = 4*9 per cent. 

After solution in pyridine and fractional precipitation by alcohol 
the nitrogen content remained unaltered: ' 

0*2055,gave 9*4 c.c. N 2 (moist) at 18° and 770 mm. N = 5‘3. 

The substance would thus appear tO' be a definite compound. It 
may be formed from caramelan according to the equation: 

This , indicates that two molecules of caramelan, ■ under the 
stronger condensing action ,,of the sulphuric' acid,, have lost ''seven 
molecules of water while reacting with phenylhydrarine.,, A'similar 

. : V, '' ;b'. 
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proportionate loss is found in tlie condensation of carainelaii to 
humic acidj C 24 H 22 O 1 J (see below): 

2 C^oIIi 30 o = CV A-Pii + 

(III) Beactlori.' with Semicarhnzide. —Ten grains of caramelan 
and 10 grams of sodium acetate were each dissolved in 10—15 c.c. 
of water^ the solutions mixed togetheXj and 6 grams of seinicarbazide 
liydrocMoride in 5 c.c. of water added. After warming at 60^ 
for half an lioiir, the mixture was allowed to remain for twenty-four 
hours. On pouring into salt solution a brown jirecipitate appeared, 
which was dried, washed free from salt with diluted alcohol, and 
purified by solution in pyridine and reprecipitation ])y aleobol ; 

0’1034 gave 0*1986 CO 2 and 0*0507 II 2 O. C = 52*4g Ii = 5*4. 

0*2357 „ 11*0 c.c. No (moist) at 12^ and 752 mm. N-u5’5. 

Cg 7 H 4302 oN 3 requires C = 52*4; H = 5*l; N = 5*5 per cent. 

No explanation of the result can be offered, except tliat a com¬ 
pound of this composition might be formed tlius: 

p NHyNH-CO-NH .2 - a^ylltsOo^jNs p SH^O. 

The Action., of Acids 011 Garamelcuh (3 per cent. Bulplhniic A.cM^ 
12 jier cent. Ilydroehloric Ackl^ and 40 per cent. Hydrochloric 
A cid). 

Caramelan being thus recognised as an auhydro-derivalfve of 
sucrose, it was important to ascertain whether, luuier the action of 
acids, it became hydrolysed to simpler carboli yd rates. The results 
•show that with dilute sulphuric acid, caramelan does yield some 
dextrose, together with raethylfurfuraldehyd© and a hurnic acid. 

(i) Three per Cejit. Sulphuric Acid. —-One hundred grams of 
caramelan were warmed on the water-bath for eighteen hours with 
1 litre of 3 per cent, sulphuric acid. The solution, which was dark 
and opaque, showed little change in colour as the heating continiUHl. 
A dark brown substance separated,' which after washing with'Water 
and dryingpveighed 14 grams (product A). It resembled the hurnic 
acid obtained by,Conrad and Gutzeit (Ser.^ 1885, 18, 443) and 
others from carbohydrates. , The filtrate from this' was examined 
as described below'(filtrate j£?). 

The insoluble product A was a brown 'powder, insoluble in all 
solvents. It had no' reducing properties. ^ When treated with 
dilute alkali hydroxides it formed a , red solution, which" after 
neutralisation gave insoluble lead and' barium salts: 

(i) 0*1116 ga ?'0 0*2417 CO. and 0*0510 TLO. C 59*1; 5*0. 

(ii) 0*1290 „ 0*2784 CO^ „ 0*0557 H^O. C = 58*9; ^ 4 * 8 .' 

C 24 H 22 OJ 2 requires C=59*3j H = 4’5 per cent. 
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Tiiis coriipO'iiiid could h& formed from caramelan according to tke 
equation: 

2 CjoH ,809 - d- TH, 0 . 

By 'boiling dextrose with 7 tO' 12 per cent, liydrocliloric acid, 
Bottoniley {Biochem. J,, 1915, 9, 260) obtained an artiiicial liiimic 
acid of t'he composition G = 60'74; 11 = 5*13 per cent. He also 
found that the natural humic acid obtained from peat after purifi¬ 
cation mtli alcohol gave 0=60*37; 11 = 5*39. The product pre¬ 
pared from caramelan is, therefore, very similar in composition to 
both the artificial and natural humic acid. In order to characterise 
this substance still further, advantage was taken of an observation 
subsequently made (p. 604) that 7 per cent, nitric acid has both 
an oxidising and nitrating action on many of these complex carbo¬ 
hydrates, and that, in the case of caramelan it yields a compound, 
The composition of this substance suggested that it 
might be a derivative of a previously formed liiiniic acid, 
^ 24 ^- 22 ^ 11 ? which, therefore, if similarly treated, should yield the 
same compound. This hypothesis was confirmed by the following 
experiment. Bive grams of the humic acid were warmed on the 
water-bath for thirty minutes with 7 per cent, nitric acid, when the 
colour changed from dark brown to bright red. Carbon dioxide 
and nitrous fumes were evolved, and if the heating was continued 
too long the red compound began to pass into solution. When 
dried, it formed an infusible, red powder, soluble only in alkali 
hydroxides to a red solution. Insoluble lead and barium salts could 
be prepared from this solution. The substance reduced silver 
nitrate and Fehling's solution, and when warmed wfith zinc dust 
and potassium hydroxide evolved ammonia. These reactions indi¬ 
cate that the compound is a nitrated derivative of the hiiinic acid, 

0*1332 gave 0*2522 CO^ and 0*0488 IHO. 0 = 51*6; H = 4*L 

0*5739 „ 13*6 c.c. (moist) at 13° and 760 mm. ]Sr = 2*8. 

^W^^ 2 :Pi 4 ^ requires C = 5T4; H = 4*3; N = 2*6 per cent. 

This nitrated compound may be regarded as derived from the 
humic acid, : 

C 24 H 22 O 1 I k HNO 3 + Oo = C 03 H 2 SO 34 N + CO 2 . 

T'he initial action of dilute nitric acid therefore closely resembles 
that' of hydrochloric and sulphuric acids in that it produces humic 
acid, ■ ' 

Exmnitiatiorb of the SoliiBle Products of The 

filtrate B from the insoluble, humic, acid was neutralised with lead 
carbonate, th© lead precipitated with hydrogen sulphide," and the 
filtrate several times.' extracted with ether, ; The aqueous ^residue 
from the ethereal .extract was concentrated by, distillation under 

' y,' ;■ 2' 
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diiitiiiished p-ressur© and left) a. syrup wliicli, .after treafaiieiit wifli 
aiiiroal cliarcoal^ beeaiiie very nearly colourless. Tliis syrup liad 
previously been obtained and examined by,St.olle {ZeiUeh, Eilhen- 
Z'ucker Indnslne, 1903, 53, 1149), who, after working up 600 grams 
of caranielaii, isolated a small quantity of a crystalline sugar from 
it. In its optical rotation and melting point (93^) it resemMecl 
dextrose, but its osazone, altiiougli having the- composition of a 
hexose osazone, melted at 197^ instead of 206—207*^ as required for 
glucosazone (Fischer), By oxidation with dilute nitric acid, d^-tar- 
taric acid was obtained. With these differences, Stoll© considers it 
doubtful wlietber the sugar formed from caramelan is really dex¬ 
trose. Ill the present case the sugar did not crystallise in a reason¬ 
able time. Its solution gave all the qualitative tests described for 
dextrose identically with those given by a specimen of pure,dex¬ 
trose. It readily gave, an osazone after warming for half an hour 
with plieiiylliydrazin© acetate. This was carefully purified by 
crystallisation from dilute pyridine, and melted at 206-207° 
very sharply. Its microcrystalline appearance was identical with 
that of glucosazone, and it formed mixed crystals without any 
alteration of form. When mixed with a specimen of gliicosazon© 
melting at 206°, the melting point remained unchanged. The 
syrup, on oxidation with nitric acid (D FIS), gave saccharic acid, 
wiiicli was isolated as the potassium hydrogen salt. (.Found, 
K==15'2. KiIC(.HgOg requires K=15*7 per cent.) 

These observations taken together make it almost certain that 
the sugar formed by the hydrolysis of caramelan is dextrose. 

The ethereal extract was acid. On extraction with dilute alkali 
a dark red solution was obtained which gave a hydrazcme jiiid a 
silver salt, but neither of tliese could be identified as a derivative 
of laeviilic acid. Stolle recognised the presence of this acid, how¬ 
ever, by means of the- calcium salt. The ether remaining left a 
yellow oil W'liich showed all the reactions of in ethyl furfuraldehyde 
described in a previous pa|>er (Cunningham and Doree, Eiochem, 
1914, 8, 438)* It gave a red, 'and not a blacky' precipitate with 
phloroglucinol, soluble in alcobol,'and'a'yellow/colourwith aniline 
in alcohol, in these respects differing fro*in furfuraldehyde* It also 
formed 'a yellow precipitate with barbituric acid' (distinction froni'^ 
©-hydroxymethylfurfuraldehyde). The presence of methylfurfiir- 
aldehyde Is thus indicated. 

''(ii) Twelve fer'Oent. Eydroddorie Acid, —Caramelan was treated 
with acid^pf this strength "and the distillation carried out according 
^ to the''Krober "method for'the estimation of ' furfuraldehyde (J. 

' 1901p,49,^ 7), ; The''distillates gave black precipitate's with 
pHoroglucinol, insoluble in alcohql, indicating that furfuraldehyde 
' ,alone was present ''(Ellett and Tollens, J, Landuh, ' 1905>, S3,- 3). ' 
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(a) 5*44 Caramelaii gave. 0*0615 furfiiraldeJiyde plilorogliicide 
Furfiiraldeliyde = 0‘40 per cent. 

(Ij) 4*18 Carainelan gave 0*0390 fnrfiiraldeliyde-plilorogliicide. 
Fiirfiiraldeliyde=0*45 per cent. 

Previous experiments liad sliown that such carbohydrates as 
dextrose, l^eviilose, starch, and cellulose give constantly about 
0*2 per cent, of fnrfuraldehyde and 1—1*5 per cent, of w-iiydroxy- 
methylfurfuraldehyde. The above observations show that the 
latter substance is not formed by caramelaii under the conditions 
employed, and this difference again suggests modifications of the 
parent sugar during the formation of caramel. 

A very considerable black residue remained in the flask after 
these distillations, and as similar products have been obtained 
previously from sugars, cellulose, and lignocelliilose, it -was, for 
comparison, characterised by the method iised in these cases (Cross, 
Ghem. News, 1881, 44, 185). The residue was washed until free 
from acid, and when diy formed a brown powxler. This was 
moistened with water and treated with potassium chlorate and 
hydrochloric acid, when it immediately turned yellow. The yellow 
compound was collected, washed, and dried. It dissolved entirely 
ill alkali hydrojddes, and was reprecipitated on the addition of 
acid. Analysis showed that it contained chlorine: 

. 0*0993 gave 0*1475 COo and 0*0334 HoO. 0=40*5; 11 = 3*7. 

0*1005 „ 0*0602 AgCl. 01 = 14*83.*^ 

^ requires 0=40*5; H = 4*0; 01 = 14*98 per cent. 

The compound is therefore probably a chlorinated derivative of 
a humic acid, and its composition is of the same order as those of 
the chlorinated humus substances previously obtained. Thus 
Cross (this Journ., 1880, 38, 668 ; T., 1882, 41, 94) prepared from 
jute a compound, C 2 ()Hj(jOjQCi 4 , and from esparto pulp a product, 
0 o 4 H|^]O 2 ()C 1 s, whilst from cellulose a compound, 022 HicP 32 ^^io> 
obtained (Oostling, T., 1903, 83, 190; Sestini, GazzcUa, 1882, 12, 
292). All these substances differ from the derivative prepared 
from caramelan in that they represent more highly dehydrated 
coinpoimds. The composition C 24 H 290 ij,Cl 3 does, however, suggest 
a chlorinated derivative of the humic acid, C24H2e^n> which we 
obtained on hydrolysis with 3 per cent, sulphuric acid (p. 598). 

The results therefore obtained on oxidation with nitric acid and 
with chlorine indicate that the humic acid, C 24 H 22 O 11 , is a constant 
'product of the action of acids bn caramelan. 

'(iii) Forty fer Gent. Hydrochloric 4cH,—Cellulose when treated^ 
with this reagent for a short time dissolves,' and is 'stated to''be 
converted quantitatively into 'dextrose,, (Willstatter, loc. 
Sucrose, again, gives,high ,yi©idS':Of ^oti-chloromethylfurfuraldehycie 
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(Fisclier, Ber,^ 19145 47, 973), tliis substance bein<T produced 
entirely from tlie l3eviilos.e formed in tbe initial hydrolysis. It 
was tlioiigiit therefore not unlikely that carainelaii would yield 
one or other of these substances, but quite contrary results were 
obtained. 

Five grams of caramelan were shaken with 50 c.c. of acid of 
D 1*2. The caramelan did not dissolve, but darkened, and, on 
keeping, the mixture set to a stiff, black, homogeneous Jelly which 
filled the whole liquid space. The black substance was broken 
into small pieces and washed with water until free from acid. 
After drying at 100° it was insoluble in alkali hydroxides and 
resembled caramel in in appearance. It was not fusible: 

01226 gave 0*2496 CO. and 0*0546 H.O. C = 55*5; H = 5*0. 

024110(5^13 requires C=55*2^ H = 5*0 per cent. 

Caramelan is thus converted into a product having the appear¬ 
ance, composition, and general properties of caramelin (see p. 591). 
The action of 40 per cent, hydrochloric acid is therefore not one 
of hydrolysis, as with cellulose and sucrose, but of dehydration, 
and may be compared with the action of concentrated sulphuric 
acid on sucrose. 

The following scheme contains a summary of the various actions 
of acids on caramelan described above : 


Garaynelan, 


HCl 3% 


dextrose 

inethylfiirfur- 

aldehyde 


4* 

IIGl 12% 


+ 

nN 03 7% 


humic acid 


f iirf 11 ral tiehy( hi ^ 
“ chloro- 
derivative 


Y 




nitro-derivative • 
C24B2sOx4^' 


HCl i0% 


Y 

Carameli!! 

0 ,, 11,^3 


Acetoi^sis of Oammelam. 

The use of a reagent consisting of acetic anhydride in the 
presence of a strong acid has proved of great value iivtlie examina-^ 
tion of complex carbohydrates (Skraup,' Ilomtsh,^ 1901, ' 22, 
1011). Resolution by the .acid and acetylation of the products 
takes place simultaneously,.'the ..simple derived product being 
isolated’ as an acetyl derivative*' .'Cellulose, y for example, 
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ultimately gi¥es cellobiose octa-acetate; starcli vcitli acetic 
auliydride saturated with hydrochloric acid gives a cliloroacetyl 
erythrodextrin, and cellulose a hepta-acetyl chloroceilose (Sla*aiip, 
ibid,, 1905, 26, 1415). Born and Nelson (/. Amer. Chem, 8oc., 
1915, 54, 1763) have shown that acetolysis sometimes stops at 
a monosaccharide and sometimes at a disaccharide, and consider 
that this is due to the nature of the oxygen linkings connecting 
the monosaccharide residues. Thus, whilst sucrose gives aceto- 
bromogliicose, maltose under the same conditions gives aceto- 
bromomaltose. 

Caramelan, therefore, might be expected to give either a inonose 
or a biose, but the results., obtained were quite different. Ten 
grains of dry caramelan were treated with 55 grains of a reagent 
made by saturating acetic anhydride with dry hydrochloric acid 
at — 8 °. The mixture, after remaining for ten days at the 
ordinary temperature, was poured into water, and gave a dark 
brown, friable solid. This was extracted with benzene, and the 
filtrate, on cooling, deposited almost white flocks. These were 
purified by solution in alcohol, and obtained as an almost white 
powder melting at 107®. In melting point and solubility this 
substance agrees with caramelan tetra-acetate, the identity with 
which was confirmed by analysis: 

0*1010 gave 0*1877 CO^ and 0*0509 C = 50*7; H=:=5*6. 

C 20 H 26 O 33 requires 0=50*6; H = 5*5 per cent. 

The portion insoluble in benzene was left as a black solid, partly 
soluble in acetone or alcohol. It closely resembled the dehydrated, 
humus-like products previously described, and on treatment with 
dilute nitric acid gave a similar red nitro-eompound. 

The effect of acetolysis under these conditions is thus partly to 
dehydrate and partly to acetylat© the caramelan molecule. 

The Action of 0acidising Agents on Garamelcm. 

Although sensitive to most oxidising agenis, caramelan was not 
found to be resolved into simpler substances which would throw 
light on its constitution. Potassium permanganate or chromic 
acid under various conditions gave complex colloidal acid pro¬ 
ducts, soluble only in water, which could not be purified. The 
action of dilute nitric acid gave unusual results. The actions of 
bromine water and of ozone have also been investigated. 

( 1 ) 'Dilute Nitric Acid,—One hundred grams of caramelan were 
warmed on the water-bath, with 400 c.c. of 7 per cent, nitric acid. 
The solution, which at first w-as dark red and opaque,^ after, about 
thirty minutes became ^ transparent,,and, of ^ Tight-jed^":colo,ur.' 

; Gonsiderable evolution uf narboU'diokide and nitrous, Turn,es''tl)bk'' 
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])iacej and a red^ insoluble substance, C, separated wbicli wj,i,s 
identical in all its properties with those of tbe product olitained 
from the liiiinic acid previously described (p. 599). 

Analyses were made (i) of the original substance and (ii) of the 
precipitate o]:>tained by acidifying its alkaline solution : 

(i) 0*01216 gave 0*2396 COo and 0*0518 Ihp. C = 51‘3; II =-4*7. 

0*3'722 35 9*5 c.c. No (moist) at 15^ and 758 nrm. N —2*9. 

(ii) 0*1882 gave 0*3544 COo and 0*0842 HoO. C = 51*3; 11 = 4*4. 

0*1450 53 3*4 c.c. No^(moist) at 16® and 763 mm, N = 2*7. 

C 2 jjH 2 ,‘^Oi 4 N requires C = 51”4; H = 4*3; N = 2*6 per cent. 

The substance is therefore not changed by solution in alkali, 
and its composition suggests that nitric acid, besides oxidising 
caramelaii, lias also a nitrating and a dehydrating action. A com¬ 
pound, C 23 H 03 O 14 N, would be the nitro-derivative of an acid, 
C 03 H 24 O 12 (see p. 606). It is probably similar to the yellow acid 
products obtained by treating coal with nitric acid (Gheni, Newsy 
1881, 44, 185). 


Exrmimation of the Sofuhle Prodiccts—Filtrate D. 

The filtrate from the insoluble compound G was evaporated 
with water until free from nitric acid. A syrup remained entirely 
soluble ill alcohol, and therefore free from unchanged caramel an. 
It could not be obtained solid even after long drying in a vacuum. 
The aqueous solution was strongly acid, reduced silver nitrate and 
Felilingh solution, and reacted with pheiiylhydrazine, indicating 
the presence of a ketonic acid. The syrup was dissolved in wainr, 
and {a) one-half of the solution was neutralised witli calc.iiim 
carbonate and {h) tlie other half treated with plienylhydraziue, 
which gave an. iiisolulile derivative. 

(//) The €al(yium salt of the acid was very readily soluble in water. 
Alcohol was added to the solution, when a colloidal precipitate 
was obtained. This was washed with alcohol and' dried;:id 
vacuum. It formed a pale brown powder which apparently con¬ 
tained water of crystallisation, but'this could not be estimated, 
since, even on warming at ,,60*^ the decomposed:' 

.:;0*1080 :gave 0*1172.00,3 and 0*0454'''H:=4*7.A '' 
;"y0*ieT6',,: ^ 4'1'mm (moist),at l?'^And'758"mim ,isr = 2*0. " 

,A*2206,',' y,"" 0*0,204 OaO,, , 'Ca^9*5'.'' 

CiiHi 30 ioIfGa,, 5 H 30 ,,required :C:=,'29;4>,:B«5'T'1: 'Ca='8*9 

per cent. 

That thie formula is not improbable will be shown under (5), so 
that the' calcium' salt appears to be derived from a nitrated acid, 
''This acid 'ia,':prbbably. dibasic, and the reducing 
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proj3erties of the calcium salt indicate that it contains a ketonic 
group. All acidj might he formed from caranielaiij 

C^aliigO^, as follows: ( 1 ) +HXJ; 

( 2 ) 

III all cases of oxidation sO' far investigatedj the loss of one 
carbon atom has been observed, and this seerns generally true of 
the action of oxidising agents on caramelan. 

(Jj) The portion of the residue treated with pheiiylhyclrazine in 
acetic acid solution was warmed on the water-bath for about 
twenty minutes, when a colloidal precipitate formed which settled 
after the addition of brine. After being washed with water and 
dried in a vacuum, it formed a dark red, infusible powder: 

0*0990 gave 0*1800 CO., and 0*0451 H^O. C=49*5; H = 5*l. 

0*1263 „ 10*8 c.c. No (moist) at 15° and 758 mm. N = 10*0. 

C 17 H 21 O 9 N 3 requires C==49*6; H = 5*l; N = 10*2 per cent. 

These figures are in good agi*eement with those given for the 
calcium salt of the acid, C 77 H 15 O 1 QN, described above. The 
hydrazone of this acid ivould be formed directly: 

CnHisOioN + C'A-NH-NHo = 

(2) Nitric Acid (20 cent .),—^With 20 per cent, nitric acid 

oxidation took place immediately on warming on the water-bath, 
and the solution, which was at first dark red and opaque, quickly 
became clear. Considerable evolution of carbon, dioxide and 
nitrous fumes took place. No insoluble precipitate was formed 
in this case, and it was noticed during the oxidation of the humic 
acid, 0241122 ^ 21 ? compound, C 23 H 2 g 0 ^ 4 N, passed into 

solution if treatment with the 7 per cent, nitric acid was con¬ 
tinued too long. The clear, pale red solution was neutralised witll 
calcium carbonate, and, after concentration, a syrup was obtained 
which had powerful reducing properties. As no insoluble salt 
could be obtained from the syrup, the acid was isolated by means 
of its pheiiylhyclrazine derivative prepared in actic acid solution.' 
The compound, after drying in a vacuum, formed a dark red, 
.infusible powder: 

0*0892 gave 0*1977 CO^ and 0*0474 H.O. C==60*4; H:=:5*9. 

0*1337 „ 9*4 c.c. Ng (moist) at 19*5° and 765 mm. N^== 8 *L 

CgsHggOiA requires ^=60*8; H=^5*5; N= 8 *l per cent." 

The composition CS 5 H 38 OJ 4 N 4 indicates^ an acid containing two 
ketonic groupings and having the composition G 23 H 26 O 1 S. , 

As, previously mentioned, the insoluble compound,, 
was not formed, so that it was probably acted.^'on by the ^'lO'^pex;' 
cent/nitxic. acid employed. '.This compounduf denitrated;Woi 4 ld^ 
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gi-ve an acid, C 23 H 24 OJ 2 , which on further hydrolysis would becorae 
GogHojjOig, and might give the phenylhydrazone, 0251 - 13 ,^ 01 ^^ 4 ^ 
described. 

The connexion between these products is shown in the following 
scliem©: 



^?4*^52^n " 
(humic acid) 


CsA30i,-N0„ + C„H,,,0,-N02 

(insoluble acid) (soluble acid) 






•-> [O^^H'ogOig] (isolated as 
(soluble acid) dihydrazone) 


Oxidaimi mill Bromine Water ,—^The action of this reagent 
followed the same general lines as oxidation with nitric acid. 
Complicated bromo-derivatives were obtained, indicating a con¬ 
densation of molecules and the loss of one carbon atom by oxida¬ 
tion. Two compounds were isolated, namely, 2 j)Br and 

appear to be bromine substitution products, 
and are somewhat similar to the sesquibromo-oxysacchulmide, 
obtained from sacchulmic acid (Sestini, Qazzetta^ 

1880, 16 “ 355). 

Bromijie water was gradually added to an aqueous solution of 
caramelan, when the bromine was rapidly absorbed. The solution 
was poured into alcohol, when a yellow jmecipitate was obtaiiiGd. 
This was collected, washed with alcohol, and dried in a vacuum. 
It formed a yellow, infusible powder soluble in water, but in¬ 
soluble in other solvents. The bromine was estimated by boiling 
with nitric acid in the presence of silver nitrate: 

(i) 01050 gave 0*0191 AgBr. Br=7’74, 

(ii) 0*1012 „ 0*0190 AgBr. Br==7'98. 

5g029Br requires Br=7‘9 per cent. 

Another experiment was carried out in which, roughly, twice as 
Much bromine water was' used, so that' the' bromine remained 'in^ 
excess, A yellow precipitate was obtained on addition of alcohol: 

( 1 ) 0*1308 gave 0*1830 €0^ and 0*0563 Bp, C=38'2; H===4*8. 

0*1156 „ 0*0398 AgBr. Br = 14*7, 

(2) 0*1018 „ 0*1418 CO 2 and 0*0433 HgO. C=38*0; H:=4*7. 

0*2187' ' „ 0*0753 AgBr.' Br=14*6. ' 

: CggHggO'atBrg requires C=38*'2; H =.4*7; Br=14*6 per cent. 
OwiSaUawwith' '0:Zone,--Mmj 'experiments'were carried, out on 
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tlie oxidation of caramelan witli permanganate and clirornic acid, 
blit in each case complex acids, soluble in water, were produced 
whicli formed colloidal salts witb tbe manganese and cbromiuiii 
and gave no- useful results. Oxidation with ozone was tried in 
tbe hope that some cleavage of tbe molecule might take place 
wbicb could bo interpreted in tbe light of recent work on tbe 
action of ozone* A solution containing 10 grams of caramelan in 
100 c.c. of water wbicb, except in thin layers, is opaque, became 
clear and very pale yellow after four hours’ treatment with 2 per 
cent, ozone. This indicated that some action affecting the cara¬ 
melan molecule as a whole bad taken place, although the weight 
of ozone reacting could only be small (about 0*5 gram O 3 ). Tbe 
formation of an unstable j^^roxide is tbe most probable explana¬ 
tion, since on boiling tbe solution tbe dark colour returns, and tbe 
peroxide appears largely to revert to caramelan. A second treat¬ 
ment with ozone gave tbe same results. Tbe liquid Avas strongly 
acid and gave a precipitate with lead acetate, from which an 
amorphous, brown-coloured acid was isolated by treatment Avith 
hydrogen sulphide. Another portion of the ozonised solution gave 
an aqueous distillate which contained acetaldehyde in appreciable 
quantity. This substance was recognised by the usual tests, and, 
in addition, converted into ethylidenedi-jS-iiaplithol oxide, Avhich 
gave the correct melting point (173°). 

The formation of acetaldehyde from caramelan seems to require 
the presence of a methyl gToup in the molecule. This aldehyde 
would normally be formed from an unsaturated organic compound, 
CHg'CHICX, the ozonide of which would be decomposed by water 
into CHa-CHO + X-COgH. 

This observation may be of importance, since the recognition of 
a simple product of decomposition has often been useful in 
indicating the constitution of organic compounds* 


Summary an3 Conclusions. 

( 1 ) Sucrose, on heating at 170—180°, loses 2 molecules of water, 

forming caramelan, C^gHigOg, a tetra-atomic alcohol (m, pr 136°), 
characterised by the formation of a tetra-acetate (m. p. 107°), a 
tetrabenzoate (m. p. 105°), and a tetranitrate (explosive). It is 
not possible to decide definitely between the molecular formula 
Cj 2 H|g 09 or C 24 H 311 O 18 , but the’ reactions'lend some support'to ■ the 
latter. , ::' ■ ' 

(2) Compounds formed by caramelan ,with phenylhydrazine and 
aemicarbazide indicate the existence, of’ one CO-^ 'or CH'O'-grouping 
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per C 24 iiiiitg but in eacli case these are formed witli extensive 
cleliydratioii, 

(3) Concentrated non-oxidising acids bring abont deiiydratioii 
to caraiiielin, C 24 H 2 <P 33 . Weaker solutions 'hydrolyse ancl 
dekydi-atej 23roduciiig dextrose, methylfurfiiraldeiiyde, and liiimic 
acid. 

(4) On oxidatio3i, carainelaii tends to yield still more complex 
substances, and in nearly all cases one carbon atom is removed 
per , C .24 unit. With dilute nitric acid, characteristic iiitro-acids 
are form.ed. Among simpler products, acetaldehyde lias been 
recognised. 

(5) Considered together with the products formed by its further 
dehydration, caramelan seems to mark a first step in the process 
of anhydride-formation and condensation which leads from simple 
sugars to such complex substances, as cellulose, humus, and 
caramelin. 

Chemistry Department, 

Borough .Polytechnic' Institute', 

London, S.E. [Receivedy Maij Zrdy 1017.] 


LIV.— Action of Acetalclehydeammonia on 
Quinones. 

By Praphulla Chanbra Ghosh. 

This work was undertaken with the object of preparing organic 
compounds with two quinonoid arrangements in the molecule, and 
hence dyes of good shade, by introducing one or more auxochrome 
groups into them. The special reactivity of benzoquinone is well 
known, ;so it was thought that it might condense with acetaldehyde- 
aniinonia in molecular proportions and. give rise to an anthracene 
derivative. 

O GHMe 0 

/\ 0 /\ 

II. 11 
\/ 0 \/ 

Q OHMe b 


I I I I 

0 o 
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Ammonia liberated from aldeiiyde-anmionia might react further 
and form 




NH NH 


or it iniglit condense as follows to an acridine derivative, 


.0 

CHMe 

0 

o 

0 

/\ 

b 

A - 


CHMev^y<^ 

i ' 


NH^ 

\/ 

\/\ 

1 ! 

b 


0 

0 

0 


O'app investigated tlie action of benzaldeliyde and aqueous 
aiiiinonia on quinones (T., 1881, 39, 225; 1882, 41, 157), and 
forrmiiated a somewhat general principle that ortho-quinoiies are 
different in constitution from para-quinoiies, inasmuch as the 
former condense and the latter do not. The para-qninones in¬ 
vestigated by him were benzoquinone and a-naphtliaquiiioiie. It 
is well knoAvn, however, that aqueous ammonia resiiiilies benzo¬ 
quinone, so it was thought interesting to ascertain whether any 
conclusion could be drawn as to the constitutional difference 
between the ortho- and para-qttinones by means of the aldehyde- 
ammonia reaction. Japp himself tried the action of acetaldehyde- 
ammonia on pheiiauthraquinone and obtained an amorphous 
product. 

By the condensation of p^benzoquinone and acetaldehyde- 
ammonia, a deep black, crystalline substance of the formula 
CgHyON has been obtained. This at once excludes the possibility 
of any acridine formation; it may, however, have the constitution 


0 \ 

/\\ 

I j ^CM. 

V 


if benzoquinone, has reacted in the same'way as pheiiantlira- 
qiiinone does with benzaldehyde and ammonia., , A compound', of 
this nature should on oxidation give benzoquinone, whereas ^ on 
oxidation with chromic acid mixture no benzoquinone,', but' an^ 
amorphous product, ^was obtained. There is, 'however, the'third' 
possibility, namely, that ■ the compound may ' be 'an^' 'anthracene 
derivative. In thatmase it^ should\have''dDublevthe;:',qmp&l^^^^ 
formula,, but the molecular w.eight'Of; the 'substapeq';''could''not be 
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cletarmin^d on account of its sparing solubility. Tbe inolecnlar 
weiglit of til© nitro-derivative in ethyl alcohol was determined by 
the ebnllioscopic method, and corresponded with the formula 
The nitro-derivative therefore has the formula I 
and the parent substance- the formula II. 


O 


o 


.CaMev /V 

Is 0/ Y 


^ ,CHMe, ^ 




JNH NH 

(I.) 


'GHMe- 
NH JS’H 

(II.) 


This formula explains the deep colour of the aiibstaiice, hut no 
known anthracene derivative could be isolated from it. It is, 
however, difficult to explain the yellow colour of the nitro-deriv- 
ativ© on this assumption. Of course, it can b© explained by the 
remarkable conception of the colour of the secondary order,’" 
but the conception is only a very recent one and cannot be said 
to be thoroughly established. It may be that the substance is 
more complex, and what is termed the nitro-derivative is only a 
degradation product, so the constitutional formula suggested is 
only a probable one and remains undecided at present. 

Attempts to prepare the sulphonic acid and other derivatives 
of the substance were unsuccessful. 

With a- and j8-iiaphthaquiuones no definite product could he 
isolated, but with anthraquinone a colourless compound of the 
formula wms obtained, which on treatment with phenyl- 

hydrassine in acetic acid solution gave a hydrazoiie, 
GVI-Ii.;,(:N-NHPh)i,. 

It has, therefore, the constitution 


CH-CHO 

C 



0 

CH-CHO 


In this condensation of anthraquinone and acetaldehyde, 
ammonia has probably acted as the condensing agent, and, of 
course, m,any such cases are known (compare T., 1883, ,43, 27; 
Annaien^ 1894, 231, 26). 

That benzoquinone and. anthraqninone^, condense with aceh 
aldehyde-ammonia seems .somewhat contrary to< Japp’s geiieralisa™ 
tion. They, differ, in their modes of condensation, as there are 
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reactive hydrogen atoms in beiizoquinoiie but none in aiitbra- 
qiiinone. 

Bxpekimental. 

Condensation of ]i-Benzoqmnone with Acetaldehyde-cimmonkn 

A nitrobenzene solution of 4*32 grams of ^p-beiizoquinoiie and 
2*44 grams of powdered acetaldehyde-ammonia was heated on the 
oil-bath. There was a sudden solidification at 85—90°. The black 
mass was then collected and w-ashed free from nitrobenzene with 
ether, and finally with hot water and alcohol, to free it from un¬ 
changed quinone and aldehyde-ammonia. It crystallised from 
nitrobenzene in deep black needles which did not melt at 290°. 
It is insoluble in alcohol, chloroform, benzene, or light petroleum, 
and sparingly soluble in acetic acid, pyridine, or' nitrobenzene: 

0*1200 gave 0*3181 CO, and 0*0507 R.O. C = 72*3; H = 4*69, 

0*1338 ,, 12*25 c.c. at 26° and 761 min. II = i0’46. 

CsHtON requires C=7'2*73; H; = 4*55; N-10*6 per cent. 

When p-benzoquinone and aldehyde-ammonia were condensed 
in the proportion of 2:1 the same substance was obtained. 

Nitro-derivative. —One gram of the finely powdered substance 
was added gradually to 15 c.c. of nitric acid (D 1*45) wdthout 
allowing the temperature to rise. After five hours, water was 
added to the clear solution, when a small quantity of a substance 
was precipitated. This was collected and the filtrate was concen¬ 
trated under diminished pressure at 37—42°, when yellow crystals 
began to appear which did not melt at 300° : 

Q*125 gave 0*2463 CO. and 0*0383 H.D. 0 = 53*80; H = 3*4L 

0*101 „ 14*3 c.c. at 28*6° and 759 mm. ^ = 16*1. 

0*625 in 20 c.c. alcohol gave A^=+0‘17°. M.W. = 347. 

'C 1 CH 5 AN 4 requires 0=53*93; H = 3*37; N = 15*87 per cent. 

M.W. = 356. 


Action of Acetaldehyde-ammonia on Anthraquinone. 

Anthraquiiione (2*08 grams) and acetaldehyde-ammonia (1*22 
grams) were heated in a sealed tube at 220—225° for six hours. 
The product was first washed twice or thrice with cold alcohol to 
free it from resinous matter as far as practicable, and then boiled 
with alcohol. The filtrate, on cooling, deposited colourless, silky 
needles, which when recrystallised from alcohol melted at 281° 
and contained no nitrogen: "b ' ,v' ; 

0*11 gave 0*336, CO^ and 0*049 Mf). C = 83*l; 11=4*9:.,';':'/,'-: 
xequires 0 = 83*07,;^ H'=4*61 per^ cent. 

Jdydra^^ohe .—^To ' an , acetic acid,, 'solution,, of, 0*25' ,,gram^ nf ;the:; 
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Hu'bHfcitice 0“216 gram of pliciiyihyclrazine was added, and tJie solii- 
lion lieated on tli© \vater-batli for an liotir and a-balf. Water was 
tlieii added to tlie solution, and the yellow precipitate was crystal¬ 
lised from alcoliol. The substance did not melt at 300®: 

0*102 gave 11*4 c,c. No at 30® and 762 min. N = 12'8. 

G 30 H 24 N 4 requires N = 12*72 per cent. 

In conclusion, I beg to express my best thanks to Br. E. R. 
Watson* for the kind help and encouragement which he lias given 
me during the course of this investigation. 

Dacca Collecb Laboratory, 

Dacca, Bbutgal, 

India, [ Eec & ived , May 1917 .] 


LV.— The^ Conversion of o-NitToamines into isoOxa- 
diazole Oxides^ cmid of o-Nitrosoamines into 
imOxadiazoUs. 


By Abthue G. Green and Frederick Maurice Rowe. 

In the three previous communications (T., 1912, 101, 2452.; 1913, 
103, 897, 2023) it has been shown that many o~nitroa.mines a.rc 
converted into furoxaiia (furazaii oxides or ?AVjoxadiazole oxides) 
when oxidised in alkaline solution with sodium hypochlorite, Tlie 
reaction is undoubtedly a quinonoid one (compare Green and 
Rowe, T., 1913, 103, 508), taking place according to the scheme: 

^ /N:nh 


\/ 


NO, 


\/' 




0 




ONa 

/\;n-oh , 

I I- 

\/ - 


0 

Na 


/\/T\ 

I I 0 
\/\iT/ 


> 0 . 


^ In order further to test the generality of, this reaction, the 
behaviour of o-nitroamines of the naphthalene series has been 
investigated. 

, The following ' nitronaphthylamines were, submitted ^ to the 
eodium hypochlorite' oxidation: 


NIL 

/N/bNO, 
\/\/ 


NO, 


/N/N 


NH, 


NO,NH, 

/\/\ 


Nil, 

/N/\no, 


\/\/ \/\/ \/\/ 

NO, 
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It was foiiiicl that the same o:d<lation product is foriTied Ijotb 
from 2~iiitro4"iiaplit!iylamine and fimm i-nitro-S-iiapbtliYlaiiiine, 
iiamely-j iiaplitliafiiroxaii or naphtMs’ooxarliazole oside_, meltiua’ at 
127° (identical "witli tlie “ ^-naplithaqiiinonedioxiiiie peroxide'' of 
Forster and FierS;, T., 1907, 91, 1942, obtained by beating eitbex 
2 ~iiitro-l-napMliylaizoiiiiicle or l-nitro'^-naphtbylazoimide, and also 
identical witli Koref! and Ilinskis 1:2-diiiitro3oiiapbtlialeiie,‘‘’ 
formed by oxidation of j8-napbtbaqiiiiionedioxiine). Bofcli prepara¬ 
tions of napbtbafnroxan are reduced by liydroxylaraiue to 
^-naplitbaquinonedioxinfie, wMeb is readily converted into iiapMlia- 
furazan melting at -78°. Tins result, coupled with our former 
observations in the benzene series, and with those of Forster and 
Fierz (Zoc. eit.) and Forster and Barker (T., 1913, 103, 1918), 
place beyond doubt the symmetrical structure of these compounds. 
Aiigeli (Atti I?. Aeead. Lincei^ 1916, [v], 25, ii, 7; GatzcMa, 1916, 
46, ii, 300) also confirms the symmetrical structure advanced by 
us, and simultaneously by Forster and Barker, from results which 
lie has ohtained in the fatty series by the action of Grignard’s 
reagent on the peroxide of diphenylglyoxime and anisylmetliyl- 
gly oxime. 

8 -Nitro-l-naphthylamine, when subjected to hypochlorite oxida¬ 
tion, did not yield a furoxan. Forster and Fierz also failed to 
obtain a pcri-compound by heating the corresponding nitroazo- 
imide. This difference between ‘peri- and or//?n-conipoiinds is 
similar to that observed in tbe qiiinone formation, and, taken in 
conjunction with the well-know'll tendency of p<?ri-coinpouiids to 
ring condensation, lends further support to the view that the 
reaction is a quinonoid one. 

With regard to 2:4-dinitronaplithylamine, it was thought 
possible that this would behave in an analogous manner to 
2 :4~dinitroaniline/ It was found,, in fact, that oxidation, either 
ill suspension or in alcoholic solution, at the ordinary temperature 
or when cooled in ice, resulted in disruption of the ring, accom¬ 
panied by a strong odour of chloropicrin, and nothing could be 
isolated from the solution. 

This further bears out oxu* previous observations that the am„ino'-, 
acetylamino-, azo-, sulphonic, and nitro-groups (except in the' case 
of dinitroaniline in alcoholic' solution), when occupying the para- 
position with respect to the amino-group in a .ring-substituted 
o-nitroamine, renders the ring unstable to hypochlorite' oxidation. 
This instability is even more pronounced in the naplithal'ene series 
tlmii'in the benzene series. , ,, 

The behaviour of o-nitrosoamines when oxidised' with .sodium 
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hypochlorite was next studied with the object of throwing further 
light on the mechanism of the formation of furoxaiis. 

Ilinsld {Ber.^ 1886, 19, 347) obtained the “anhydride of 
o~naphthaleiiedioxime (naphthafurazan) by the oxidation of 
a-iiitroso-^-iiaphthylamine in alkaline solution with potassium 
ferricyanicle. This product was identical with that obtained by 
Harden {Amialen^ 1889, 255, 156) by a similar oxidation of 
jB-nitroso-a-iiaphthylainine. 

We have found that on oxidation with hypochlorite, both 
a-nitroso-^-naphthylamine and jS-nitroso-aniaphtliylaniine are 
similarly converted into the same naplitliafurazaii: 

NOH NH 

ii n 

I i I or ! I 

\/\/ \/\/ 

NOH N—0 

db^^|=NOH /\/\_\n ■ 

\A/ \/\/ 

In order to establish the generality of this reaction and its 
analogy to the hypochlorite oxidation of o-nitroamines, we have 
endeavoured to extend it to the benzene series. A difficulty, liow- 
ever, arises liere from the fact that benzenoid o~nitrosoamines are 
not readily obtainable and have only been described in one or two 
cases, of which only one, namely, o-nitrosoacetanilide, was suitable 
for our purpose. This compound was prepared in a yield of 30 to 
50 per cent, by Brand and Stohr (7icr,, 1906, 39, 4064) by the 
cathodic reduction of o-nitroacetanilid© in neutral solution followed 
by oxidation of the hydroxyl amine formed with silver nitrate, 
copper sulphate, or ferric cliloride in the presence' of sodium 
acetate. 

W© have obtained it more conveniently by employing a modifi¬ 
cation of this method, in which o-nitroacetanilide in aqueous 
suspension is reduced with zinc dust and ammoniiun chloride, 
followed by oxidation of the solution: of o-acetylaniinopheiiyb 
hydroxylamine with ferric chloride in the presence of sodium 
acetate. Attempts to prepare o-nitrosoanilin© from omitroso- 
,acetanilide met with no success, this being' in agreement with 
Brand and ^ Stohr^s , observations, for even boiling with dilute 
alcohol '' converts o-nitrosoacetanilide into 2:2''azoxyacetaniHde* 
We also, failed to obtain o-nitrosoaniline by subjecting o-nitro- 
aniline to reduction^ and oxidation in a' similar manner 'to,, the 
above*,, The' product separates' in dull red,'crystalline needles,'', 
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which proved to be the acetate of a base melting above 310°, the 
constitution of which was not determiiiecl. In the absence of 
onitrosoaniline, we have subjected o-nitrosoacetanilide to hypo¬ 
chlorite oxidation in alkaline solution in the expectation that 
hydrolysis of the acetyl group and oxidation would occur simul¬ 
taneously. This was found to b.e the case, and a quantitative 
yield of benzfitrazan melting at 55° was obtained. In an 
analogous manner, o-nitroacetanilide was found to be converted 
directly into benzfiiroxan by alkaline hypochlorite. 

We next attempted to prepare w-nitrosoaceto-p-toluidide from 
m-nitroacetO"p-toluidide by the same method as that used for the 
preparation of o-nitrosoacetanilide. The solution of B-acetyl- 
amino-S-tolylhydroxylamine obtained by the reduction of wz-nitro- 
aceto-p-toliiidide gave, howeveiq no- trace of a nitroso-compouiid 
when oxidised with ferric chloride in the presence of sodium 
acetate. In the absence of sodium acetate, the nitroso-compound 
was obtained in minute quantity, but attempts to isolate it in a 
pure condition failed. In spite of numerous experiments carried 
out under a variety of conditions, only traces of the nitroso-com¬ 
pound were obtained. By distilling the crude product with 
alkaline sodium hypochlorite in a current of steam, the tolufurazaii 
melting at 37° was obtained in small quantity. This reaction, in 
fact, affords a convenient test for the presence of an 6-nitrosoamine 
or its acetyl derivative in a mixture. Similarly to o-nitro- 
acetaiiilide, ??z-nitroaceto-p-toluielide when warmed with alkaline 
sodium hypochlorite is converted into tolufiiroxan melting at 97°. 

Other attempts to prepare a derivative of m-nitroso-p-toluidide 
met with iiO' success. Both aceto- 2 ^toluidide and toluene-4-o-tolyh 
sulphoiiamide weio subjected to the usual methods of nitrosating, 
but without any action taking place. 

The production of furazans, and not of furoxaiis (furazan oxides) 
by the sodium hypochlorite oxidation of ouiitrosoamines is in 
agreement with our former observations on the resistance of 
furazans to oxidation (no method is known by which these can he 
converted' into the corresponding oxides). Further support is also 
given to our explanation of the course of the reaction by which 
fiiroxans are formed from o-nitroamines, according to which no 
transference of an oxygen atom from the nitro-group takes pla-ce. 
The proof is also afforded that in a nitrosoamine (quinoneimide- 
oxirne) the ISTHa" ' (or NH) group ■ is more prone to attack by 
alkaline oxidising agents than the nitroso- (or oxime) group- 
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E X PEBI MENTAL. 

F(i]jlitlmQomdiazole Oa:ide {NapMiajtiroxan, 
quinofirdioxiuie Feroavido” or “ 1 x2dJin'Urosonai)M]ialen 



(1) Preparation froai l-Fitro-0-7iapJttJipla‘jnhi —This base was 
prepared according to tlie inetliods of Liebermann and Jacobsen 
(Aamden, 1882, 211, 45) and Meldola (T., 1885, 47, 520). Aceto- 
/3-iiai)Iitlialide (m. p. 132^) was niirated in acetic acid solution, 
followed by bydrolysis of tlie product witb siilpburie acid. Wlien 
crystallised from dilute alcobol, it was obtained in orange needles 
melting at 124^^, Tbe oxidation is best effected by tbe addition 
of alkaline sodium liypocHorite to a warm alcobolic solution of 
the nitronaphtliylamiiie until an excess of hypochlorite is. shown 
by starch iodide paper. The mixture is cooled, diluted with 
water, the pale yellow precipitate collected, and distilled in a 
current of steam. When crystallised from alcohol, naphtha- 
ftiroxaii forms colourless needles melting at 127°, as stated by 
Koreff, Ilinski, and Forster and Fierz. 

The compound has the peculiar pungent odour chai\acteristic of 
the furoxans. Almost a theoretical yield was obtained. (Found, 
N = 14'02. Calc., N = 15*05 j>er cent.) 

(2) Preparation fro/a 2-N if rihaaiaphilri/lamane ^ — This l)a,se was 

obtained by Lellmann and Remy’s method 1886, 19, 797 ; 

1887, 20, 892). Aceto-a-naiJithalide (m. p. i58°) was nitrated in 
acetic acid solution. The crystalline double compound of 2mitrO'' 
and 4"nitro~ac'eto-c!£-naphthalide (m. p. 17P) was partly hydrolysed 
with potassium hydroxide, and the 4"nitro-a"’naplithyla:mine 
r©mo¥ed with enlphiiric acid. . The 2-mtroaceto-c56-naphthalido 
(m, p. 199°^) was hydrolysed with alcoholic hydrochloric acid. 
When crystallised from alcohol, 2-nitrO“a"naphthylamin6 was 
obtained in red needles melting at 144°. 

' The oxidation with alkaline sodium hypochlorite was effected in. 
alcoholic solution, in a similar manner to,that employed for the 
, isomeric base. In, this case, 'however,' the oxidation product 
separates as a brown, tarry mass which is best purified, by , dis¬ 
tillation in a' current of steam and crystallisation from alcohol. 
It formed colourless .needles melting at 127°, and was completely 
identical with the preparation from 2«nitro-i8-iiaphthylamine. ' It 
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liad tlie same crystalline form, and mixtures of tlie two products 
also liad the same melting point. A yield of SO per cent, was 
obtained. (Found, N=: 14-97, Calc., N = 15'05 per cent.) 


^-N(vplit]ia(iuinQnedioxinie, 

\/\/ 

This compound was formed by reduction of the iia|)litliafuroxaii 
prepared from either l-nitro-jS-naphthylamiiie or 2-iiitro-a- 
naphtliylamine. Reduction does not occur as readily as in the 
benaene series, and requires an excess of hydroxylamine. The 
best results were obtained by dissolving in alcohol and adding at 
least four molecular proportions of hydroxylamine hydrochloride 
ill aqueous solution, after which the mixture is warmed to 50°, 
allowed to rernain for some time at that temperature, and then 
rendered alkaline with aqueous sodium hydroxide. The yellowish- 
brown solution is cooled, precipitated wutli acetic acid, the pro¬ 
duct redissolved in dilute aqueous sodium hydroxide, the solution 
filtered, and reprecipitated with acetic acid. 

The substance separates from alcoholic solution in small, yellow 
needles melting sharply at 169®. jS-Naphthaqiiinonedioxime is 
converted into naphthafuroxaii on melting, and also by the action 
of alkalis or acids. This probably accounts for the various melt¬ 
ing points wdiich have been given for the compound, namely, Gold¬ 
schmidt and Schmid, 149® {Ber,, 1884, 17, 2067), Bronner, 166° 
1888, 21, 392), Kehrmann and Messinger, 180—181® {Ber., 
1890, 23,, 2815). It is interesting to note that whereas the 
o-quinonedioximes of the benzene series are soluble in alkalis with 
a deep blood-red colour, jS-naphthaquinonedioxime dissolves in 
alkalis with ,a yellowish-brown colour. ' (Foiuicl, ISr== 14*97. Calc., 
N = 14'89 per cent.) 


WciphthisQomdiazole {Naflithafimizcui or o-lS!'aphthylene- 

Ns-0 

^ \ I 

/\/\ 

dioxime Anhydride ' j j 

“ \/\/ 


(1) Freparation from ^Waphthaqidnonedioxime.^ —^-Naphtha- 
quinoiiedioxime' was dissolved in sodium hydroxide and distilled, 
in a current of steam. The product iorins long, 'white,,,;,silky 
needles which melt at 78®. It is readily volatile ' with (steam,/and 
possesses th©' characteristic',furazan ,odbur»:^ s 0 luMe\in eon-^ 
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ceiitrated siilpliiiric acid with a yellow colour, being precipitated 
ill an unaltered condition on pouring into water. (Eoiiiid, 
N —16*32. Calc,, N — 16*47 per cent.) 

(2) Frej^aniiion from a-F'itroso-j^-na-jjJitJifhim/me.—TliB iiitroso- 
base was prepared according tO' Ilinski s method (Ber.^ 1884, 17, 
391; 1886, 19, 343), by short heating of nitroso-^-iiaplithol with 
ammonia at 100°. The product melted at 151°. On addition of 
sodium hypochlorite to a cold alcoholic solution of nitroso-i8~ 
naphthylamiiie, this base is oxidised cpiaiititatively to iiaphtha- 
fiirazaii, which is immediately thrown out of solution as a white 
precipitate. After distillation in a current of steam, it forms 
long, -white, usiiky needles melting at 78° (Found, IS[ = 16*29. 
Calc., IS['=16*47 per cent.) 

(3) Preparation from ^-Fitroso-a-naplUhylamme.— nitroso- 

base 'was obtained by Ilinski's method 1884, 17, 2590; 1885, 

18, 706), by heating ^'•nitrpso-a-naphthoi (in. p. 148°) with 
ammoniura chloride, ammonium acetate, and ammonium 
carbonate. 

If 0-nitroso-a-naphthylamine is oxidised under conditions similar 
to those used for the isomeric nitroso-base, only a small yield of 
naphthafiirazan is obtained, but by using neutral sodium hypo¬ 
chlorite, it. is converted almost quantitatively into naphthafiirazan. 
After distillation in a current of steam, the product formed long, 
white needles melting at 78°, completely identical with that from 
a-nitroso-^-napiithylamiiie. It had the sai'iie crystalline form, and 
mixtures of the two products had the same melting point. 
(Found, N= 16*32. Calc., hr = 16*47 per cent.) 


Be7i 0iso<9 xadiazole (Benzfarazan ), 


/Nn 


S- 


>0 


(1) The preparation of this compound, by distilling an alkaline 
solution of o-benzoquinonedioxime in a current of steam, has 
already been described in our former paper Qoc* eit.). 

(2) Freparation from o-Nitrosoacetmiilide. —The nitroso-’Ccm- 
pound was obtained as follows. Twenty-five grams of o-nitro- 
acetanilide were ground to a fine powder and suspended in 
350 c.c. of water in wliich 13 grams of ammonium chloride had 
been, dissolved. " Forty grams of zinc dust were then added in 
small quantities ;at a time, with cooling and vigorous shaking. 
Agitation was continued until all the o-nitroacetanilide had dis¬ 
appeared. , On filtration, a clear yellow solution of. o-acetyb 
aminophenylhydrpxyiamine was obtained. This' solution is readily 
oxidised by air to 2:2'-azoxyacetanilide (yellow needles from 
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aicoliol, 111. p. 185°), wliich doiibtleBS, owes its formation to tlie 
condensation of o-iiitrosoacetaniiide with o-acetykiiiiiiodiplieiiyl- 
lij^droxylaiiiiiie. Owing to the extreme ease with which this con- 
deiisation occurs, it is necessary for its avoidance that the oxidation 
of the o-acetylaniinodiphenylhydrnxylamine solution shoiiid take 
place as rapidly as possible. Further, conditions of alkalinity or 
mineral acidity must be excluded. The solution of o-acetylamiiio- 
plieiiylhydroxylamine was therefore filtered from zinc direct into a 
cold solution of three to four molecular proportions of ferric 
chloride containing sufficient sodium acetate to neutralise the 
mineral acid liberated by the oxidation. A green precipitate, con¬ 
sisting of a mixture of o-nitrosoacetanilide and azoxyacetanilide, 
separated, which was collected and dried. ^ A further quantity could 
be obtained from the filtrate by extraction wdth ether or benzene. 
The o-nitrosoacetaiiilide was extracted from the crude- product 
by ether, and after two crystallisations from ether was obtained 
in very large, green, rhombic prisms melting at 107'5°. 

It may be conveniently estimated by titration with titanous 
chloride, and was thus found to he 99*75 per cent. (Found, 
N = 16*97. Calc., N = 17‘07 per cent.) 

All attempts to prepare o-nitrosoaiiiline from o-nitrosoacetanilide 
were unsuccessful. The latter dissolves in cold concentrated 
hydrochloric acid with a deep red colour, which deposits a 
yellowish-brown, crystalline product melting at 258—262°. This 
w^as not the hydrochloride of o-nitrosoaniline (m. p. 220°). 

The oxidation of o-nitrosoacetanilide with sodium hypochlorite 
was carried out as follows: 

Powdered o-nitrosoacetanilide was covered with a solution of 
sodium hypochlorite made strongly alkaline with sodium hydroxide. 
On warming gently, the o-nitrosoacetanilide dissolved with a deep 
red colour, which was rapidly decolorised, and benzfurazan sepa¬ 
rated. After distillation in a current of steam, the product 
crystallised from alcohol in long, white needles melting at 55°, 
completely identical with the preparation from o-beiizoquinone- 
dioxime. 


h-Methylhemhooxadiazole {Tolufurazan)^ 



(1) The preparation of this compound,, by distilling an alkaline 
solution of, 3:44oluquinonedioxime in a current of steam, has-been 
described in our former paper (Zoo, ait,), 

(2) W“NitroacetO“jjHtoluidxde was reduced in/aqueous' suspension 
with ^zinc dust and-Ammonium'cMoride,' as-in::the previous';"pre- 
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paratioii of o~iiitrosoacetaniIide. The solution of the liydroxyl- 
aiiiiiie obtained was oxidised with ferric chloride, but in this case 
no sodium acetate was used. The crude oxidation product wliicli 
separated was mixed with sodium hypochlorite, made alkaline with 
sodium hydroxide and distilled in a current of steam. The pro¬ 
duct crystallised from dilute alcohol in long, white needles melt¬ 
ing at 37*^, completely identical -with the former preparation of 
5-iiietiiy Ibeiiz iso oxadiazole. 

About 1 gram "was obtained from 80 grams of y^’.-iiitroaceto- 2 > 
toluidide. 

School oi? TncHKOLoor, 

Manchester, [Eccclvcd, June ll/A, 1917. 


LVL— The Phosphates of Calehim, Fart IV. 

The Basic Phosphates.'^' 

By Henhy Bx^ssett, jim. 

A DERAILED knowledge of the basic phosphates of calciimi is desir¬ 
able, if only for the reason that they are important constituents 
of the mineral matter of bone and also of the earthy j'jhosphorites 
and coprolites so largely used in the manufacture of superphos- 
pliate. 

It is true that ojie stilJ finds statements in text-books to the 
effect that these substances consist of tricalciiim phosphate. This 
is far from being the case, however. Even. ]abora,tory prepiirations 
of so-called triealcium phosphate vary co,nsiderably in con:i|)osition 
and seldom have the correct CaO/IhO,- ratio. C.!a!neron, Seidell, 
and Bell {J. Amer. (Jhem., Sue., 1905, 27, 1512), when determining 
tlie isotherm of the system Ca 0 ~-p 20 r~H 20 at 25^, examined the 
region of alkaline and very faintly acid solutions, and concluded 
.that no definite compound existed , intermediate ^ between 
'CaHP 04 , 2 tl 20 and Ca(OH) 2 , but only a ser.ies of solid solutions. 

'Cameron and his co-workers have drawn similar conclusions in 
mther cases also, conclusions which always seemed unsound to ilie 
present A'^thor, and have been shown to be incorrect in the case of 
calcium nitrate (Bassett and Taylor, T., 1914, 105, 1926). The 
present coTxmiunication 'is the result of experiments which liave 
been ill progress for a number of years past. A preliminary account 

^ The first three parts of this seiffes were published in the Zeiisek anory, 
Ghem., 1007, 53, 34, 40 ; 1008, 60, 1. ■ 
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of tlie conclusions arrived at lias already been given (Ptog, 7th 
Jiiternat, Gongress Aiqilied Ghem,, 1909, Sec. II., p. 178), but tliese 
liave liad to be modified soBiewbat as tlie result of fiirtlier 
experiments. 

Expesimextal. 

Tlie plan of tlie investigation is simple enoiigli, being merely a 
piiase~rule examination of that portion of the system 

CaO-PgO^-H^O 

lying between the regions where dicalcinm phosphate and calcium 
hydroxide respectively are the stable solid phases. The experi¬ 
mental difficulties encountered have, however, been serious, and 
were chiefly duo to the extreme slowness ivith wdiich ecjiiilibriiim 
is attained. 

The difficulties were also increased by the necessity of using 
vessels which were uiiaitacked by the solutions employed. 

A great deal of time was consumed by preliminary series of 
experiments designed to determine the approximate nature of the 
solid phases being dealt with and the time required to reach 
equilibrium. Most of the experiments have been carried out at 
25°, the reacting mixtures being contained in cerasin wax bottles, 
which were constantly shaken in a thermostat kept at that tempera¬ 
ture until it was judged that equilibrium had been attained. Some 
experiments were also made at 100° and in an autoclave at from 
170° to 200°, platinum vessels being employed in these cases. 
In the case of tlie experiments at 25°, it has been found that, even 
in the most favourable circumstances, at least eighteen months are 
required for equilibrium to be reached. This seems to be due, in 
the main, to tlie slowness with which a mixture of two -solids [for 
example, the compounds Ca(OH )2 and CaHP 04 , 2 H 20 ] reacts to 
give the single new solid (for example, Cagp 20 g), really stable under 
the experimental conditions. The solution seems to adjust itself to 
any single solid when present alone comparatively quickly, even in 
cases where the solid is only very sparingly soluble. It is the reluct¬ 
ance to form the new com}X)tind that delays matters. 

When dealing with sparingly soluble compounds, other compli¬ 
cations arise. Thus it has been found that basic phosphate mix¬ 
tures prepared from calcium hydroxide and the compound 
CaH 4 P 20 g,H 20 would not reach equilibrium in a reasonable time 
owing, apparently, to some of the former becoming coated over 
with the compound CaIIP 04 , 2 H 20 or a more insoluble basic phos¬ 
phate. 

If, on the other hand, milk of lime and phosphoric acid' were used 
in making the original mixture, the basic phosphate solid obtained, 
even after shaking for a year or more, was so amoiphotis and 

VOE. CXI. , C 0 
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settled SO' badly that it was almost impossible to separate the 
solution and solid for satisfactory analysis. 

If anhydrous calcium hydrogen phosphate^ CaHP04, was used 
in making the mixtures, it reacted with such extraordinary slow¬ 
ness that some was nearly always present in the final solid phase 
separated for analysis. 

The only way in which approximately satisfactory results have 
been obtained has been by making up the contents of the solu¬ 
bility bottles with pure lime, pur© calcium hydrogen phosphate, 
CaIEP04,2H20, and distilled water. The lime was obtained by the 
ignition of pure calcium carbonate, precipitated by aiiiiiioniiim 
carbonate and specially prepared so as to be free from traces of 
iron, iiiagiiesiiun, etc.* The calcium hydrogen phosphate was also 
free from such impurities, and was obtained by precipitation with 
ammonium phosphate of a solution of the pure calcium carbonate 
ill hydrochloric acid. The molecular structure of calcium hydrogen 
phos-pliate, CaHP 04 , 2 H 20 , seems to be such that it can take u|> 
additional lime with very little disturbance tO' the crystalline form. 
This materially facilitates the attainment of equilibrium, and 
results in the formation of a solid which, although almost certainly 
amorjelioiis, is crystalline in appearance and general properties, 
such as the readiness with which it settles and can be washed. 
In fact, all the basic phosphates prepared in this way appeared 
under the microscope almost exactly like the original cr 3 ^stals of 
calcium hydrogen phosphate, of which they were pseiidomorphs, 
and only difiered from them in having no action on polarised light. 
They were often still quite clear and transparent, although some¬ 
times a little cloudy. 


Ew’perinienis at 26°. 

In the case of the experiments at 25°, solid and solution were 
separated for analysis by filtration in the thermostat approximately 
in the maimer indicated in Part III. {Zteitsch, anorg. Ghe/m,^ 1908, 
59, 12). The solid phase was washed with a small quantity of 
alcohol, then with ether, and left exposed tO' the air for a short 
time'before analysis. In the earlier experiments the loss on igni¬ 
tion was determined and then the lime and phosphoric oxide on 
the same sample. In later experiments the loss of weight over 
sulphuric acid in an exhausted desiccator was first determined, 
followed by loss on ignition and then estimation of the linie^and 
phosphoric oxide. As far as possible, all estimations were made 
on the same weighed quantity of solid in order to economise 
material. ' 

^ The eaieium carbonate so prepared contained 0-008 per cent, of chlorine. 
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It was necessary to separate the solid piiase in tlie dry state for 
analysis, Aiial^^sis of the wet solids and use of tlie triangular 
diagram method would have been of little us© for fixing the nature 
of the solid phases owing to^ the extreme dilution of the solutions. 
Owing to the fact that some of the water present in the solids is 
rather loosely held, it is probable that it has been ahected by the 
washing with alcohol and ether. Apart from that, however, there 
need be no fear that the composition of the solids has been affected 
by the treatment. Owing to the amorphous character of the solids, 
the percentage of water they contain is relatively unimportant— 
there is'no evidence that one is dealing with definite hydrates. In 
all the experiments dealt with in this paper the concentrations of 
the equilibrium solutions are so small that the greatest care had 
to be used in making up the original mixtures in order to get 
points well spaced over the experimental region. The amount of 
total solid employed was usually about 2 grams for 100 c.c. of 
water in each experiment. 

This was sufficient for analysis, etc., whilst it was judged that 
the proportion of solid to solution would be sufficient to keep the 
latter properly saturated without excessively prolonging the time 
required for the complete readjustment of the solid. 

The experimental results are given in tables I and II, and those 
for 25^ are also represented graphically. 

There seems little doubt that, in spite of the length of time 
allowed, equilibrium had not been fully attained in many cases. 
It seems as well to discuss the results as they stand, however, for 
more regular results might not be obtained even if a fresh series 
of experiments was started and allowed to run for two years or 
more. The numbers in the first column of table I do not denote 
the oi'der of the experiments, which belong to several series. They 
are merely the order in which the points come on the curve, and 
have only been given for purposes of reference. 

Solids 1, 3, 4, and 6 are clearly CaHP 04 , 2 Hp (P.Og/CaO^^ 
1*267). From 8 to 17 we have a group of solids characterised by a 
ratio, -which approximates to the value 0*845 of tri- 
calcium phosphate, and it seems legitimate to conchicl© that, in 
the main, these solids do actually consist of that compound. That 
the PgOg/CaO ratios are mostly too high probably means that 
there is still a small amount of dicalcium phosphate left in’ the 
centre of the grains. The time allowed has not been quite suffi¬ 
cient for complete penetration of tbe additional lime required for 
complete formation of the tricalcium compound. 

Position 7 probably represents the point at which the curves of 
di- and tri-calcium phosphates intersect. 


C C 2 
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carbon dioxide found. 

In all the experiments quoted in Table I-? unless there is a note to the contrary, cerasin wax 
shaking at waa continued for from 17 to 19 months. 



Jable I. (contimied) 
Solid Phase, 
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Solids 2j 5j aud 9 lying on eitlver side of position 7 also appear 
to "be mixtures of di- and tri-calciiini pliospliates, Ijiit 7 belongs to 
til© latest and most trustwortlij series of experiments. 

Solids 18 to 29 have p 205 /Ca 0 ratios which are not very far 
removed from the 0'761 of oxyapatite, (Ca..P20j.');.^,Ca0^ of which 
they appear to coiisist. 

Solids 30 to 36 all give the same equilibrium solution^ which 
clearly corresponds with the point at which both oxyapatite and 
calcium hydroxide can co-exist. 

Solids 32 to 36 could be seen to b-e heterogeneous under the 
microscope and to^ contain pseudoniorplis of calcium hydrogen 
phosphate crystals (the oxyapatite) and minute crystals with a 
marked action on polarised light (the calcium hydroxide). 

Point 37 gives the solubility of pure calcium hydroxide at 25'^. 

It will be noticed that the region of oxyapatite is fairly exten¬ 
sive and reaches very nearly to the point representing the solu¬ 
bility of pure calcium hydroxide. There is no indication whatever 
of the existence of any compound, such as tetracalcium phosphate, 
Ca 4 p 209 , more basic than oxyapatite. Nor is there any evidence in 
support of compounds intermediate between di- and tri-calciuni 
phosphates (compare Buck, Zeitseh, anorcj, Chem., 1907, 52, 323). 
The experimental results seem to show pretty clearly that 
Cameron, S'eidell, and BelPs assumption (loc. cit,) of a series of 
solid solutions is erroneous, and the interpretation of the data just 
offered seems adequate and satisfactory. 

The Difficiilt'i/ with which Water is Driven off from some of the 
Basic rhosphates. 

The analyses of the oxya23atite solids always show a large deficit, 
more than 2 per cent, as a rule. With the exception of one of the 
tricalcium phosphate solids, whicli shows a deficit of 1*3 per cent., 
the other analyses are generally satisfactory. 

To what is this deficit to be ascribed ? It can scarcely be laid 
at the door of the method of analysis, which was the same in all 
cases and was specially tested on pure calcium hydrogen phosphate, 
with which excellent results were obtained. (Found, H20 = 26*30; 
CaO=:32*44; P 2 O 5 = 40*97; total, 99*71 per cent. P.Os/CaO 1*263,) 

The method of analysis adopted as being the quickest and most 
satisfactory was as follows. The loss on ignition was determined 
after ten minutes’ ignition in a platinum crucible over the blow¬ 
pipe. The ignited solid was dissolved in hydrochloric acid and the 
solution digested for from two to four hours before precipitating 
the calcium as oxalate; this was to hydrolyse any phosphate, other 
than orthophosphate, which might be present in the ignited solid. 
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Tlie calciiiiii oxalate precipitate, after filtering and wasliiiig, was 
dissolved in iiofe dilute siilpliuric acid and titrated with sta'iidard 
permanganate. Tlie piiosplioric acid was determined in the calcium 
oxalate filtrate, being weighed as Mg^P.^Oy after douhie precipita¬ 
tion as iiiagiiesiiiin amnioniuin phosphate. 

Although specially purihed materials had been used in preparing 
the oxyapatite solids, the latter were examined for possible iinpiiri- 
ties, but for the most part with negative results. Alkali metals, in 
particular, wei'e found to be absent. 

Most of the basic phosphate solids were found to contain small 
amounts of carbon dioxide. The absorption of traces of this is 
almost unavoidable when the mixtures are being made up, but the 
large amounts found in some of the solids had certainly been 
absorbed during storage subsequent to separation from the equili¬ 
brium solutions. 

It is only latterly that carbon dioxide in tlie solids has been 
determined and in many cases in solids which had Iceeii kept for 
some time. In such cases the whole analysis was repeated, so that 
the figures for lime, etc., given in the tables were obtained at the 
same date as those for carbon dioxide. It is known that many 
of the solids showing considerable amounts of carbon dioxide origin¬ 
ally contained no more than traces. This applies especially to 
solids 30 and 32 to 36, which had been kept in corked tubes for 
two and a-half years before the carbon dioxide was determined. 

Ill determining the carbon dioxide the solids were dissolved in 
concentrated phosphoric acid (1 part of syrupy acid to 1 part 
of water). The carbon dioxide evolved was carried by a slow 
current of air free from that gas through a sulphuric acid drying 
tube into a “weighed potash bulb. Gentle heating facilitated solu¬ 
tion of the calcium phosphate and also complete expulsion of the 
carbon dioxide. 

Most of the carbon dioxide is driven off by strong ignition of the 
solid phosphate, and probably in many cases it is expelled com¬ 
pletely. Solid 29 before ignition contained COo^O’GT per cent.; 
after fifteen minutes’ ignition over the blow-pipe there was still 
carbon dioxide present, which amounted to 0*16 per cent, of tlie 
origiiial solid. 

The total water lost on ignition (column 5 in table I) has been 
obtained from the total loss on ignition by deducting the carbon 
dioxide found by the method indicated above. 

With the exception of one metal found in traces in some of the 
solids, and considered later, no other impurities could be found in 
the basic phosphate solids. The analytical deficit is therefore still 
iiiiaccoiiiited for, and the only explanation appears to be that it 

0 
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is due to water held so hrinly that it is not driven olf even by ver^ 
strong ignition^ Ignition for several hours in the iniiille' d;id not 
expel it. Attempts to estimate this water directly by i’lisioii wiili 
lead oxide have not so far heeji successful, although they liavci 
given indications that it is really present. Further experininuts 
on this point will have to be postponed. 

It is well known that certain silicate minerals coutaio. waiter 
which cannot be expelled by simple ignition, but only rafter com¬ 
plete destruction of the molecule, as by fusion with lead oxide 
(see Classen, '' Aiisgewaiilte Methoden der analytiaclien Clieinic*/’ 
1903, Vol. II., p. 629). Such water is usually called water of 
constitution/^ and, in the case of silicates, is regarde<l as lieitig 
associated with the silicic acid. It seems quite likely that some 
of the water in a compound like oxyapatite may be combined in 
a similar manner. 

It may be mentioned that, according to Gabriel (Zeitsch, 
physiol, Ghem., 1894, 18, 257), there is more than 1 per coiit. of 
watermill bone phosphate which is not driven off on ignition. He 
states that it can, be expelled by strong ignition with silica. Van 
Bemmelen (Zeitsch, anorg, Ghem,, 1897, 15, 90) found some 
similarly combined water in fossil bone. 


The Pink Colour of some of the Ignited Phosphates. 

The oxyapatite solids were also peculiar in another respect. The 
ignited solids nearly always had a pink colour. Tliis varieil i,ii 
intensity wdtli different solids, and in some cases was only very* 
faint. It was generally deepest near the hottoni of tlie erucibli), 
where the temperature would be highest. Very often, i.oo', it wn,s 
inclined to be patchy and deeper in some portions i;hjin others of 
the ignited solid. The colour was obtained wlieilior the ignii.it,nj 
was carried out in a platinum or a porcelain, cri;u,*il,}le', but only 
with the solids approximating to oxyapatite in cot up osi Lion. 1,(; 
was a long time before the cause of this pink colour was discoverttd. 

Gabriel Qoc, cii.) noticed a similar pink colour in bone a,sl'i, 
after strong ignition, but wras not able' to discover the cause. II.ct 
was unable to confirm a statement of Cossa {Atti II, AccmL lAuceiy 
1878, 3, 17 ; Gazzetta, 1879, 9, 118) that .traces of ceria earths are 
present in bone ash. Neither could he impart a pink colour to 
pure calcium phosphate by addition of cerium.' salts or of 
manganese salts. 

The present author has also examined bone ash for rare earths 
with entirely negative results. None could be obtained from, a 
kilogram of bone ash. 
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I'lio clue to tlie cause of tlic pink colour was finally given by 
tli'6 solid frotii O'SiOi of the autoclavo experiments (E>:pt. 12, 
table II). During the analysis ol* this it was noticed kiat. after 
ignition tli© pink colour was particularly deep at certain spots on 
tlie top of the solid, as though du© to specks fallen from the lid of 
the autoclave. The hydrochloric acid solution of the ignited solid 
was nearly neutralised with ammonia -and then saturated with 
hydrogen sulphide. This caused a slight darkening, but no visible 
precipitate. However, on digestion over a small flame, the few flocks 
of sulphur which separated were blackish. They were collected 
and ignited in a clean porcelain crucible. Less than O'OOOl gram 
of residue remained (this was from 0'2346 gram of original solid), 
but on treating it with a drop of dilute nitric acid and then one 
of ammonia (D O'880), a blue colour was obtained, showing that 
copper was coitaiiily present. On warming over a very small 
flame, a pale green tinge was seen on the white porcelain when 
dryness was reached. There can ])e no doubt that the pink colour 
after ignition of the oxyapatite solids is due to some impurity, for 
its intensity varies a good deal with diflerent preparations. In the 
case of one series of experiments (30 to 36 and 27), the ignited 
solids were white. 

That the pink colour is probably due to traces of copper in all 
cases was coniirmed by the following experiments: 

(a) Some of solid 30 (which, Ignited by itself, remains quite 
wliitf3) was moistened with a very dilute solution of copper nitrate 
dried, and ignited over the Bunsen burner. A pale pink colour 
had developed, which, after ten minutes’ ignition over the blow¬ 
pipe, became very much deeper—much deeper tliaii the pink colour 
given by any of the untreated basic phosphate solids, but of the 
same character. 

(/>) On© of the autoclave solids with 'F^pQ/CaO ratio 0*859 
(Bxpi. 9, table II) was similarly ignited after moistening with 
dilute copper nitrate solution, but was quit© white afterwards. 

(r) Some of the pur© calcium carbonate used in the basic plios- 
phato experiments was similarly treated, but in no case was any 
pink <‘.oIour obtained. If only a very small trace of copper nitrate 
was used, the ignited lime was white, but with more copper salt it 
had a grey colour. ^ 

It seems fair to conclude from these results not only that the 
pink colour of the ignited oxyapatite solids (and alsO' of strongly 
ignited hone ' ash) is due to traces of copper, but also that the 
presence of the oxyapatite compound is actually necessary for the 
development of the pink colour. It would seem, indeed, that the 
development of a pink colour on igniting a ■ calcium, phosphate 
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with a trace of copper nitrate nnglit be regardcc'l a, sptM'ilic. icsi^ 
for the presence of oxyapatite. 

It is worth noting that the constant prosen(Ur^ of tra.ces (»f i*op|)ei' 
in animal tissues has been shown by sevcra-l in.veH'tig’f!lor.s (ib-n’geroii 
and L’Hote, Gompi. rnuL^ 1ST5, SO, 268; Ihiouli. tim'l BitU)ik 
ibid,, mi, 85, 40). 

It may be pointed out that the pink colour after strong ignition 
was very faint both in the case of tlie bone [rbospl-iai-e used in i.'he 
experiments de.scribed on p. 640 and the ox l)one from whicii i't 
was prepared. Sojne ox bone (rib) recently exa-inined aJsO' Inul 
only a very pale pink colour after strong ignition, not ne;u*ly so 
marked as that obtained with many of the syiiiheiic< ])«isic phos¬ 
phates. 

The author iiiiderstands that the ash of hops, ina.lt, etc., oftx.Hi 
has a slight pink colour which has been shown to 1)0 duo to- ilie 
presence of traces of copper, and possibly other similar cases i-ire 
on record- 

Expefiments at 100° and Higher Tempera I ares. 

These were carried out in the hope of obtaining results more 
rapidly and with less difficulty. 

In the experiments at 100°, the solutions were gently boiled in 
a platinum bask (100 c.c. capacity) provided with a long neck, 
around which a small condenser was iitted. Entrance of carlxm 
dioxide was prevented by a small soda-lime tube. 

The solutions, being all very dilute, lioiled practically at ll)0'\ 
and this method of operating kept the solutions at a. ’(‘.onstaut 
temperature (the metal flask prevents superheating) a.nd aJso k.opt 
solid and solution well mixed. It was found i.bat at four 

weeks’’ boiling was necessary for the attainment of appro,ximaf-o 
equilibrium (with about 2 grams of solid and 95 c.c. of Boiutio’fi 
present). Satisfactory rcvsnlts were only ol>tainGd, as at 25°, wlum 
the initial mixtures were prepared from calcium hydrogen |>lu>s- 
pirate, CaHP 04 , 2 H 20 , lime, and water. Expt. 5, table II, was car¬ 
ried out in the following special way, which is possible at 100° owing 
to the reaction being more rapid at the higher temperature. Al¬ 
though distinctly troublesome, it has advantages, and results can, he 
obtained more quickly than when all the lime is added at the 
beginning, 

A mixture of 1-72 grams of calcium hydrogen phosplnite, 
0“28 gram of lime, and 25 c.c. of water was boiled for twenty-four 
' hours, in ,the platinum hask. The solution was then acid, am,! a 
solution of OT gram of lime in 100 c.c. of water was added in 
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jioriions of lU c.o. iit a lime ai intervals of twenty-four hours. In 
i'll is way tliC' solution was kept slightly acid after each addition. 
After the iiiiiili addition it was practically neutral. Then 7 c.c. 
more of ili.e lirae Rohitio'ii were added (93*3 c.c. theoretically needed 
to form oxy apatite)j and the contents of the flask boiled for another 
twO' weeks before filtration and analysis. The boiling was coii- 
tiiinons during the t^venty-five days the experiment lasted, some 
water being allowed to boil away occasionally, so that the total 
volume of solution was about 90 c.c. by the time all the lime had 
been added. 

The solids used in experiments 10 and 26 of table I had also 
been prepared at 100^ in the manner just described. 

The experiments at higher temperatures than 100^ were carried 
out by heating suitable mixtures in a large platinum, crucible in 
an autoclave to teraj^eratures ranging from to 240°. The 

total time of heating varied in different experiments from twenty- 
three to ninety-seven hours. It was not found possi],de to obtain 
an autoclave which did not lose water rapidl.y at these high 
temperatures, and the constant pumping in of more water, which 
was necessary, prevented a very steady temperature being main¬ 
tained. The heating was carried out in the d^j time and stopped 
at night. Every morning, before restart,ing, the autoclave was 
opened and the contents of the crucible well stirred, any loss by 
evaporation also being made good. Solid and solution were 
eventually separated and analysed. Since the filtration had to be 
done a.t the ordinary temperature, it cannot be claimed that the 
results obtained strictly correspond with ihe eqnilihriiim solutions 
at the autoclave tern]:)eratiires. Moreover, the amount of solution 
available for analysis (from 6 to Id- c.c. in different experiments) 
was very small considering the dilution. 

The autoclave solids consisted, in the main, of very fine, crystal¬ 
line material (apparently tiny prisms). In must cases some ghosts 
of ('JaJTPO,j,2TIjO crystals were present, and soroetinieB crystals 
(possi])ly pseudo morphs) of CaHPO.j,. Solid 1 contained some 
perfectly fresh CaTIPO.j crystals. 

The results obtained in the experiments at 100° and higher 
tem^peratures are given in table II. They serve at least to show 
that conditions at these higher temperatures are very similar to 
those prevailing at 25°, and they support the conclusions drawn 
from the more numerous results at the lower temperature. 

The Graph BepreHcnting the UeMilU at 25°. 

Consideration of the enrve reveals several interesting features. 

In the first place, it would appear that the breaks in the curve 
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corresponding with the transition from cli- to tri-cjiiciiiiii p’lirsK. 
phate and to ox37apatit€ are not at all marked. .From tliis it 
follows that, even at a considerable distance froto, ilie traiiwif.ioii 
pointy there will be relatively little diiTereiice in the sta,b!lil)3r of 
the stable and the iinstahle form. This will help to ex'plMiri iJio 
great slowness -with which the changes dealt witli in this pa.|)or 
take place. Note in this connexion the persistence of i.he cjxy- 
apatite in Expt. 10 (table I). A second very impoidani poini. i«> 
note is that, of all the phosphates of calcinni, oxya})atii;e is the 
only one that is not decomposed by water. It can dissolve irn- 
cliaiiged ill pure watei', although the saturated Holution so- obl'.a.ined 

Basic calcium 2yho8phat6 isotherm at 25 ‘t 



would be extremely dilute, the point on the curve corresponcling 
with it probably falling very ne.ar to the origin of co-ordirnii-es. 
The dotted line in the figure corresponds with solutions in whicdi 
the ratio per cent./CaO per cent, has the same value (0*761). 
as it has for oxyapatite itself, and, as is evident, it cuts the oxy-» 
apatite sbhibility curve. If similar lines' are drawn for trh, di-, 
or mono-calcium phosphates, it is found that in no case do they 
cut the corresponding solubility curve. Those three compounds 
are all decomposed by pure water. 

Ill this connexion, it is worth referring to a paper by Warring¬ 
ton (Journ, Ghem, Soe,, 1873, 26, 983), in which it was shown that 
by repeatedly extracting tricalcium phosphate with boiling water, 
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a prodiicfc wjis foiaJly obtainBd wliicli. on analysi:^ gav© fig'iires very 
near to those of hydroxyapatite. JVInre recent work of Biich 
(Zeitf^ch, anorff, Ohem,., 1907, 52, 323) on the decomposition of 
dicalcinm ]diosphate by water also appears to indicate that 
oxy- (or liydroxy-) apatite is. the final product of such deconiposi™ 
tioii, although most of his experiments stopped short of that point. 

Another interesting feature of the oxyapatite solubility curve 
is that it extends from markedly acid, through neutral, to 
ouirkedly alkaline regions. Oxyapatite is the only calcium phos¬ 
phate that can exist in stable equilibrium under such varied con¬ 
ditions. The region of acidity which it covers is of very great 
practical iniportance. 


The Ac'nl from, luhich IJ.ydroxy(ifatite Derived, 

It seems possi])1e from the extreme slowness with •which tri- 
calcium phos]diate is formed as compared with the dicaleiiim com¬ 
pound that the ■moieco.le is really a polymoride of the simple 
CajjPj^Og. The compound CajjPo^a usually considered a 
^'normaP* salt, whilst oxyapatite would be called a 
salt. Nevertheless, there is a remarkable similarity between 
•the two compounds, both as regards the dilfi.culty and slow¬ 
ness of their formation and as regards their ge-neral properties. 
This would suggest that the difierence between acid, normal, and 
basic salts is not necovssarily of the kind generally assumed. The 
usual view seenis to be that in a basic'" salt, the part of the base 
over and above that required to form what is considered to be 
the ^hiormal'’' salt plays a different role in the molecule •from that 
played by the rest of the base. This is brought out l)y the method 
of formulation—(CagP 20 g)yCa 0 —which is customary, l)ut which 
the- author thinks is not good. He would suggest' that oxy- (or 
liydroxy-) apatite, and possibly even tricalcium phosphate, are 
related i;o mono- and di-calcium phosphate rather in the same way 
tliat an orthophovsphate is related to a pyrophosphate. Hydroxy¬ 
apatite niriy 'well, be a salt of au acid, H||PgO_ig, in which, one acidic 
hydrogen is still uiineiitralisea. The remarkable difficulty with 
which some o-f the water in these preparations is expelled seems 
more in keeping with the view that it is directly associated with 
the acid rather than with the base. It would then be comparable 
with the water of constitutionof certain silicate minerals which 
is often regarded as being directly associated with the silicic acid. 
Tho halogen in chloro- and fluoro-apatite would then have to be 
regarded as, being directly attached to the phosphorus, and this 
view does not seem impossible, and is strengthened by the exist- 
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eiice of €0111 pounds suc'li as OaO,2P001jj (Bassett aiui l';i,y!orj T., 
1911, 99, 1402), -wMcli appears to be a cbloro-derivative of iiiono- 
calcium pliospliate, CaO,2PO(OH)j., usually formulated {'j,k 
Call^P^OgjHoO. It is perhaps worth noting that if tlic deficit; in 
the oxyapatite analyses is all due to water, it in some eaisos 
approximates to the 3*52 per cent, required for a compound, 
(Ca^Po0g);.Ca(0H)2,H20. If all the hydrogen in such a compound 
were acidic, the corresponding acid would I)e = 

Now I"Igp 209 is, of all the phosphoric acids, the one which lias the 
greatest range of existence. It is readily obtained in ihe crystal- 
line condition, and can exist in stable equilibrium wilih phosphoric 
acid solutions from about --100^ to -[-27*^. It has always seemed 
to the present author that more than six of these eight hydrogen 
atoms should be replaceable by metals. No evidence has been 
obtained in the present investigation that all of them can be 

replaced by calcium—in the presence of water, that is to say.- 

although at first experiments seemed to indicate that; but may 
it not be that the oxyapatitesolids are really derived directly 
ill this way from HgP 2 . 09 'l 

When considering the tenacity with which some of the water 
is held in the hydroxyapatite preparations, it must, of course, be 
borne in mind that this may be partly due to adsorption effects. 
The preparations are probably amorphous, and amorphous com¬ 
pounds sometimes retain water -with great persistence. It is noi- 
thoiight that such an explanation will suffice in the present case, 
but its possibility undoubtedly complicates the problem. 


The Nature of Bone Phosphate. 

Blood serum and animal tissues in genera,! ha,vo a- very nearly 
neutral reaction. The conditions under which bone is deposil-od 
are, of course, more complex than those considered experimentally 
during the present investigation. It is deposited from a solution 
containing several metals other than calcium—rriore particiihirly 
sodium, potassium, and magnesium; carbonate and diloride are 
also present, so it is not surprising that all of these are found in 
bone. The solubility relationships wffiicli hold Tor the simple 
system, CaO-P^Os-HcjO will undoubtedly be modified to some ex:tetit 
by the presence of additional salts, but there is reason to think 
that conditions in the complex system—bone-fluid from which 
it is deposited’’—^will be very similar to- those in the simple system, 
As hydroxyapatite is the stable phase at the degree of acidity 
characteristic of animal tissues, it is to be expected that it is the 
essential constituent of bone phosphate. However, it is not by 
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a,ny iiiejins easy to say delitiitely that it is. Iji ]:)articiilar^ it is 
(lifiicult to say in what form the carbonate is present. 

Several papers have been published claiming the existence of 
minerals ('*' clahllite/' '' podo'lite,” etc.) of the calcium apatite group 
the halogen partly or entirely replaced by carbonic acid 
(Brog'ger and Backstrom, ZeiUch, Knjst. Min., 1890, 17, 426; 
from Ofv, Vet. Ahad. fork., 1888, 493; Schwaiitke, Centr, Min., 
1905, 641; Tschirwinsk}:^, ibid., 1907, 279; Sclialler, Am,er. J. Sci., 
1910, [iv], 30, 309; Rogers, ibid., 1912, [iv], 33, 475). Whilst 
the evidence brought forward in these papers is perhaps not quite 
as satisfactory as could be wished, it does seem to indicate the 
possible existence of such carbonate-apatites. 

Several papers deal with the question of bone carbonate. 
Gabriel (lor. cit.), Alby (J. pr. Ghem., 1872, [ii], 5, 308, also Ber., 
1874, 7, 555), and Gassmaim (Zeitsch. ^^liysiol. Ghent., 1910, 70, 
161) have suggested that the carbonate present in bone is com¬ 
bined with the phosphate, hut so far no very satisfactory con¬ 
clusions have been reached on this point. A number of Gabriehs 
analyses of bone phosphate prepared by his method (digestion of 
dry powdered bone with a glycerol solution of potassium hydroxide 
at 180—200®) are given in the following table: 

Ox teeth B. 

. __ ..X . „- 


l:^ar cent, of 

Human 

bone. 

Goose 

bone. 

Ox 

bone. 

Ox 

tooth *4. 

Enamel. 

Rest of 
teeth. 

CaO ... 

51-31 

51-01 

51-2S 

50-70 

51-98 

50-36 

MgO . 

0*77 

1-27 

1-05 

1-52 

0-53 

1-83 

KA) . 

0-32 

0-19 

0*18 

0-20 

0-20 

0-14 

.. 

1-04 

1-11 

1-09 

1-16 

MO 

0-80 

Water o f crystallisation 

2-40 

3-05 

2-33 

2-21 

1-80 

2-90 

PgOr, . 

30-05 

38-19 

37-46 

38-88 

39-70 

38-60 

COjg . ',.. 

5-BO 

4-11 

5-06 

4-09 

3-23 

3-97 

Cl . 

0-01 

O-OG 

0-04 

0-05 

0-21 

0*03 

Water <^)f ('.onstitu- 
tion’^ . 

1-32 

1-07 

1-37 

1-27 

1-17 

1-25 

l^otal. .. 

09-74 

lOO-OG 

99-86 

100-14 

09-92 

99-88 


’■.riiiM wo,s obtained by strong igriiivion with silica.. 


Gabriel states that the potash present has not been derived from 
the potassium hydroxide iised in the preparation, and that the 
composition of ordinary ignited bone ash is practically identical 
with that of the glycerol ash ” if calculated to the same carbon 
dioxide and water content. The glycerol method undoubtedly 
gives a very good product. It is a white powder' showing the 
structure of the original hone and almost entirely free from organic 
matter, Gabriel noticed that on heating the '‘glycerol,ashover 
a small flame in a platinum ^crucible, carbon dioxide began^ to be 
eyolyed even when the bottom of the crucible was not red hot. 
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TMs led him to suppose that the carbon dioxirhi. wjis prosotil., iu)t 
as calcium carbonate or inaguesiiiin carbonate, but a.s a, p|]o:>plia,.te« 
carbonate. 

In the table on p. 639 are set out some figures derived :fro,m 
G-abriers analyses which seem helpful in arriving ai:' ?i deeiBicrti a,s 
to the probable nature of bone phosphate, Tlie toia,l er(niv-i,leivi. 
GaO is the actual amount of lime plus that equivalent i-o ihe 
small amounts of soda, potusli, and magnesia also prestnit: 

The several P 205 /Ca 0 ratios in the above table have been cnibvu ■ 
Jated (tf) from the percentage of actual lime in the several samples; 
(h) from the total equivalent lime; (c) from the tota,l (3(]uivaleiit 
lime after deducting Jiine equivalent to all the carbon dioxide as 
calcium carbonate; (d) from the total equivalent lime after d(3duct“ 
ing lime equivalent to all the carbon dioxide in the form 
of bicarbonate; and' (e) from the total equivalent 'HinO' on the 
assumption that all magnesia, soda, and potash are present Jis 
bicarbonate and the rest of the carbon dioxide as calciiiim 
carbonate. 

The traces of chlorine present have been ignored in making the 
calculations. They are so small in amount that they would make 
no appreciable difference to the results. 

After considering all the available evidence, it secnus to- the 
present author that the following is the most reasoiia'l)le assiimp- 
tion to make as to the nature of bone phosphate; ^‘'Tlie mineral 
constituents of bone consist in the main of hydroxyapatite, 
(CagP 2 ^ 8 ) 3 ^^(^^'^) 2 j with a certain amount of calcium 

carbonate. In addition to these chief constituents, tliero a/re .'I’Iso 
small amounts of the bicarbonates of rmignesium, sodium, and 
potassium, which appear to be merely adsorbed by the |>lios[)lia,te,, 
carbonate aggregate. The small amount of chloridrs' a,ls 0 ‘ “jvresimt 
is probably also adsorbed in the form of sodium cblorifle, a/Hhmigli 
it may be present as chloroapatite.” 

The work described in the present paper seems to show i.hair 
hydroxyapatite is the only calcium phosphate which, could |)oasil)Iy 
be stable under' the conditions of bone formation, whilst 'the con¬ 
ditions also make it practically' certain that calcium car!)onate 
could be deposited simultaneously with the hydroxyapatite, Tlie 
finely divided, possibly amorphous, character of the phosphate, 
carbonate aggregate makes it certain that it will adsorb, not only 
water, but also some soluble salts from the fluids which bath© it, 
and it seems probable that the presence of small amounts of 
■ magnesia, soda, and potash is best accounted for in this way. The 
traces of chloride pi*es6nt would probably also be held 1>y adsorp¬ 
tion. ''Other possibilities than the one just mentioned are reiidered 
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iiiilikf'ly by ilie values uf i,lie scvi^r.'ii IkA').,/(,ki,C'> r.-iiios 
a,bove. 

(ft) Tliese ratios would o<nT<vspou(i witli ilte of nJI Mie 
■|)oiasli, and rnaguesia being presiMii ses larrluvnaie. or t\ 

and aiyy reTiiaining carlxni dioxide boin^M; <‘UH!b!Ui;u! -wit]] idio 
calciiiiTi pliospiiate. In ilie ca.se o[ ox A a,url ./’b ids a. 'rri,i::ios 

SO' obtaiiied are reasonable, but tlie otbei’ v;ihies a,re? so |}asi<‘. as in 
suggest tlie presence of some calciuui <’,arl.t(>uai:e a.s ian-li. ,As, on, 
general grounds also, it is difficult to tiriiik tliai; ca1(,*iirni oa.rlK.malc 
is not formed in all cases, tlio assinuption iba.i:' a ca.rl)ouaiie-"a,.|)ai'itr. 
is formed seems iinsatisfacfory. 

(b) These ratios correspond with, the replaeeineui.< of a. certain 
amount of lime by sodfi, pota.sli, and magnesia in complex, phoH- 
pliate, wMcb also contains all the carbon dioxide in (x,3inbino.tiom 
A pliospbat© corresponding witli such highly basic valties is most 
improbable in view of the results of the ©x,perimeni:s qiioi;ed in 
this papex. 

(c) These values, obtained on the assumption that all tlie caiibo-ii 
dioxide is present as normal carbonate (Na^^COo, K^CO^, MgCO-, 
and CaCOg), are too acid, whereas 

(d) The figures obtained if it is assumed that only l)icarl)onates 
are present are too basic, and, moreover, the presence of amy 
calcium bicarbonate is unlikely. 

(e) These ratios correspond with the case which, as already 
indicated, seems most reasonable. The figures are as near the 
value 0*761 for hydroxyapatite as can he expected. 

The ease with which some at least of the carbon, dioxide ])resout 
in bone phosphate is expelled by gentle heat is in good. a.gre(rmcii{,' 
with the view that bicarhonates of Bodiinn, potfiKsinm, n,]id nnig-' 
nesium, are present, whilst the suggestion l;ha,t tTieso i^onipouinls 
are merely adsorbed by the phosphate, (^ai'bon aggreg^iirO is 
strengthened by the following experiments. 

Some bone phosphate was prepared by Gabriel’s mctliod from 
ox bone (pelvis), from which fat was first removed by sliakiiig 
with ether. Two separate quantities of the bone plios|}hatc were 
shaken with distilled water in cerasin wax bottles in the thermostat 
at 25°. The solutions were separated and analysed after sixteen 
and nineteen months respectively. In each case the solution, was 
neutral to litmus paper, but on evaporation in a platinum basin 
gave a strongly alkaline residue which consisted of carbo.iiates of 
calcium, magnesium, sodium, and potassiiun, wd.th only a mere 
trace of phosphate. Details are as follows: 

Fiv 2 Jt. /,—Two grams of bone phosphate and 100 c.c. of distilled 
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water were shaken at for sixteen moritlis. At the end of this 
time the solution was found to co-ntaiu: 

CaO 0*00326 per cent, 

MgO-0-00288 

and (Na^O-i-K/)) equivalent to CaO —O'00176 per cent 

The two alkalis were not determined separately, hiit there 
seemed to be a good deal more soda than potash present; 0"0005 
per cent, ot phosphoric oxide was also found, but this deterniina 
tion is not very trustworthy, and possibly no more phosphoric 
oxide was actually present than was found in Expt. IT. 

Exft. II ,—Six grams of bone phosphate and 85 c.c. of distilled 
water were shaken at 25^^ for nineteen months. The solution was 
then found to contain: 

CaO — 0'00286 per cent. 

MgO -0-00675 
NagO-0-00743 
KgO -0-00703 
PoOs -0-00005 

Were the bone phosphate a single compound or even a simple 
mechanical mixture of compounds, the composition of the equil¬ 
ibrium solution (and it is probable that sixteen montlis was long 
enough for equilibrium to be attained) sliould not be affected so 
greatly by variation in the ])ro|)ortion of solid phase to solution. 
Such behaviour was tO' be expected, however, if the magnesia, 
soda, and potash were merely adsorbed by the bulk of the solid. 
The variation in the amouixt of lime present in the two solutions 
is much less, and is such as miglit easily be due to the different 
amounts of other salts present. 

Oalckun Plio^phiteB in the Soil, 

Almost all that has been said in connexion with bone phosphate 
can be applied nearly word for word tO' the case of phosphates in 
the soil. The range of acidity or alkalitiity in most ordinary soils 
comes well within tlie range over which hydroxyapatite is the 
stable calcium phosphate, and it seems certain that it is the only 
such phosphate that can exist permanently in the soil. Any other 
phosphate added to it will be converted into hydroxyapatite with 
greater or less readiness according to circumstances. It has long 
been recognised that monocalcium phosphate added to the soil in 
superphosphate very quickly ceases to be present as such, although 
it is generally stated to revert to tricalcium phosphate. By add¬ 
ing the phosphate in the form of superphosphate, the hydroxy- 
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apatite is obtained in a finely divided state, wliicli is important 
owing to its sparing solubility. Mnely ground basic slag wlicii 
added to the soil wili also be converted fairly quickly into 
hydroxyapatite, wiretlier it contains tetracalciiiin phosphate, as 
has been suggested, or some other compound possibly more closely 
related to hydroxyapatite. 

It is highly probable that the earthy phosphorites and coprolites 
are impure mixtures of hydroxyapatite and calcium carbonate, 
and it is loiown that when extremely finely ground they give 
satisfactory results when used directly as fertilisers. 

Under the conditions which have led to the acciiiiiillation of 
phospiiatic deposits, a certain amount of replacement of tlio 
hydroxyl of hydroxyapatite by chlorine or iluoriiie lias occurred, 
owing no doubt to the action of saline solutions. Whether this 
also occurs to some extent in normal soils is not easy to say. 

Summary. 

(1) Two, and only two, phosphates of calcium more basic than 
dicaicium phosphate exist which can be in stable equilibrium witli 
an aqueous solution at 25° (and probably at any temperature), 

(2) These are tricalcium phosphate, Ca 3 P 2 ^S) hydroxy¬ 

apatite, (Ca 3 P 20 g) 3 Ca( 0 H) 2 . 

(3) Cameron, Seidell, and Bell (Joe. cit.) are wrong in their 
assumption that only a series of solid solutions exists in this region 
of the system Ca 0 ‘-P 205 --H 20 . 

(4) Hydroxyapatite is the stable solid phase over a range of 
acidity of great practical importance, as it cati exist in coir(.atd.. 
with faintly acid, neutral, and alkaline solutions. 

(5) The nature of bone phosphate is discussed. It is ciMisidcKMi 
to be a mixture of hydroxyapatite and calcium cjarboiin-te with 
small amounts of adsorbed bic»arboiiates of sodixnn, potassium, and 
magnesium. 

(6) It is probable that hydroxyapatite is the only calcium plios^- 
phate that can permanently exist under normal soil conditions. 

The platinum flask used in some of the experiments quoted in 
this paper was purchased by a grant made by the Eesearch Fund 
Committee of the Chemical Society, and for this the author wishes 
to express his thanks, 

UmVBBSITY COLUTEIGE^ 

Eeadixg. 


[Eeceivedf June Ithy ltU7.‘| 
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LVIl— ^Spark-Lengths '' in Va-rious (rases and 

Vcqjou7\H. 

By Robeet Weight, 

The different factors affecting the phenomenon of electric dis¬ 
charge through a gas have formed the ^subject of a large nnniber 
of investigations. The object of these investigations was generally 
the determination of the inter-relationship of such factors as 
length and nature of spark, voltage, and gas pressure. They have 
involved a great amount of work and have been spread over a 
long period of time; still, for the most part they have been 
limited to the examination of the discharge through a few well- 
known gases, such as air, oxygen, nitrogen, carbon dioxide, or 
hydrogen. The rather considerable difficulty of the exact deter¬ 
mination of voltage has prevented the extension of the investiga¬ 
tion to a larger number of gases. A general survey of the subject 
from the physical point of view will be found in Professor Sir J. J. 
Thoinsoii'’s Conduction of Electricity through Gases.” 

The only important attempt to extend these observations to a 
wider chemical field was made a number of years ago by Natterer 
(Ann. Flin/s. Chem.^ 1889, [iiij, 38, 663), who examined the spark 
discharge through a number of gases and vapours at atmospheric 
pressure, using as a source of current a small induction coil 
actuated by a battery of dichromate cells. The measurements, 
which were carried out in order to determine the length of spark 
obtainable in different gases and vapours for a given potential of 
spark discharge, are open to two serious ol)jections. In the first 
place, the spark used in all cases was the longest which the coil 
would give, and the only attempt made to render the potential 
coiistaaifc was the frequent renewal of the exciting liquid of the 
driving cells; it is obvious that under such conditions the voltage 
must Inive varied to a considerable extent. Further, the various 
substances were examined at very different temperatures; gases 
were used at ordinary temperature, whilst vapours were 
examined at temperatures varying between 80^ and 271^. More¬ 
over, the spark gaps used were not all of the same form, some being 
made of simple platinum wires, whilst others were of the more 
usual type with spherical ends.. 

The effect of temperature on the spark has been worked out by 
Harris (Fhik Trcms.y 1834, 124, 230) and Cardani (Bend. Accad. 
Lmce% 1888, 6, ,44), both workers arriving at the same result. 
They found that temperature had no effect on the spark provided 
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that the ttiiiiibor of molociiles per e.e,. of given gas roiiiauiocl 
coiiataiit„ That is to say, if tlic spark gap be enclosed in n, ge.s- 
tight vessel j then the voltage, required to produce a. spark will be 
quite independent of the tejuperatnre. If, however, tlio vessel be. 
left open, so that the gas can expand at aiiuosplieric pressure, thcvii 
increase of temperature causes increases of spark length for a 
given voltage. The effect is exactly the same as if the gas coin 
centratioii had been reduced by lowering the pressure in the 
ordinary way, tli(3 tenijreratnre remaining constajit. In the present 
work a 20 ;rnm. gap at 100^ was found to corres]>ond witli 15 iiinn 
at 18®, and 20 mm, at 183® rvith 5 mm. at 18®. 

Ill the present investigation the vapours of a miniber of simple 
organic substances have been sparked, the following precautions 
being observed: (a) The form of gap used was the same in each 
case, consisting of two brass spheres 5 mm. in diameter mounted on 
rods of 3 mm. diameter, (h) The temperature was kept the same 
throughout any series of comparisons, (c) A fairly constant 
voltage was arranged for by having an air gap of similar form 
and definite length coupled in parallel wdth the vapour gap, boidi 
gaps being at the same temperature. In a measurement the length 
of the vapour gap was adjusted, so that on carefully raising the 
potential it sparked equally with the standard air gap. Thus 
the measurements may be taken as representing the insulating 
powers of the various substances relative to that of air a.t ihe 
same temperature and pressure. 

During the first part of the investigation several inen,siu\^ments 
were made by comparing vapours at their boiling point's with a.ii* 
at the same temperature. Tins method was abandoiu3(l for 
several reasons. In the first phuje, tlie heating of t.l:u3 staaidard 
air gap in the vapour of the hoiling liquid mcc.esHitatecl tlio 
use of the latter in a quantity suflident to provirlc^ a. va|>our"’ 
bath for the standard gap, a procedure whicli was rather expensive 
in the case of several of the substances used. Becondly, it was 
found to be impossible to keep the electrodes of the vapour ga.p 
free from condensed liquid, so that the spark took place not only 
through the vapour, but also through two layers of liquid of UU'* 
known thicknesses. This condensation effect was worst when the 
gap was arranged vertically, the upper: electrode being then 
covered with a heavy hanging drop, but it was also present when 
a horizontal gap was employed. Finally, since temperature has 
a considerable effect on the voltage required to pass a spark 
across the standard gap, it is evident, by using liquids of different 
boiling points, a considerable 'Variation of potential is introdiiced 
into the series of measurements. 
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AlthO'iigli it would have been somewhat irioie convenient to 
have kept the air gap at the ordinary teiii|)eratiire throughout 
ilie whole of the tneasureineiits, while the vapours of any given 
series were lieai:ed to a second definite temperature higher than 
the boiling point of the least volatile member^ and although by 
siicli an arrangement the same potential woiild—witliin the limits 
of accuracy of the method—be applied to each vapour^ still it 
was tlioiiglit advisable to heat the air gap to the same tempera¬ 
ture as the vapour, as by so doing we are dealing with the same 
number of gas molecules per unit volume in each case, and so 
obtain better conditions for comparative measurements. Whether 
the air gap is heated or not, it is of the first importance that all 
vapours with which comparative measurements are being made 
should be at the same temperature. 

The standard gap was mounted in a vertical glass tube of 
15 mm. internal diameter surrounded by a vapour jacket. The 
lower electrode passes into a cork at the end of the tube, and 
is kept centred by being threaded through two cork disks which 
fit easily inside the tube, the disks being notched to admit the 
free passage of air. The upper end of the tube is left open and 
is ground flat; the upper electrode is also fitted with cork disks, 
and is held in position by means of a sliding stop which can be 
clamped on to the electrode, and acts against the ground-off end 
of the tube. In order to fix the air gap at a definite length, the 
upper electrode is removed and a small brass cylinder of the 
desired length (2 or 3 cm.) is lowered by means of a thread on 
to the top of the lower electrode; the upper electrode is then 
replaced so that it rests on the top of the cylinder when the stop 
is adjusted against the ground end of the tube and clamped to' 
the electrode. The electrode is once more removed, the cylinder 
withdrawn, and the electrode reinserted. This method of adjust¬ 
ment was found much more convenient than working with a 
catheiometer, as it allows ready and accurate change of gap being 
made during the measurements; moreover, there is considerable 
difficulty ill using a cathetometer with a vapour-jacketed tube, as 
the latter is generally covered with drops of condensed liquid 
which render accurate measurement impossible. The lower end of 
the tube surrounding the gap wa.s fitted with a side-piece through 
which filtered air could be driven by means of a foot bellows, the 
object being the sweeping out of ionised air produced by the 
passage of the spark. 

The tube used for the sparking of gases was the same as 
the air gap, except that the upper end was closed, with a cork 
and fitted with a side-tube, the gas being led in from above or 
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below according as its density was less or grca,ier ihm fluit of 
air« 

Tli 0 arraiigeineiit used for tire vapour ga,p reseiabled a 'Vicior 
Meyer vapour density apparatus,, as can be seen from the figure. 



Standard air-gap, Vajionr gap. 


The vapour beating jacket was closed at tke lower end by a rubber 
stopper, tbroiigh wHcb passed a copper wire, the stopper being 
covered witb a layer of mercury wMcb served not only to protect 
the rubber from the action of boiling vapour, but also to form 
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electric contact witl'i tlte outside of the jacket 'by means of the 
wire through the stopper. The spa-rking chainber consisted of a 
glass tiil)6 of 15 mm, diameter and 10 cm. long. It was closed at 
its lower end by nfiearis of a woc-d stopper and its upper end was 
joined to a tube 30 cm. long and of 4 mm. bore, this tube being 
ill turn joined to a short length of somewhat wider tubing*. The 
longer electrode passed through the cork in the bottom of the 
vessel and made contact with the mercury layer in the vapour 
Jacket; the upper electrode, centred in the usual manner by means 
of a cork disk, passed through the narrow tube, wdiicli it almost 
filled, and was held in position at the upper end by means of a 
cork which was slotted down the side to admit of the escape of 
vapour. The entire arrangement was held in the vapour jacket 
by means of a split cork. The form of sparking vessel just 
described was found more suitable than one of more rigid pattern 
with sealed in electrodes; for it is very necessary to be able to 
take the apparatus to pieces to admit of proper cleaning, as many 
of the substances examined decompose under the action of the 
spark, and, moreover, the electrodes require to be polished at 
frequent intervals. 

In carrying out a determination, the standard air gap and the 
vapour gap, together with a second adjustable air gap, are 
arranged in parallel, and all three are connected with an induc¬ 
tion coil. The third gap serves the purpose of varying the poten¬ 
tial; it is almost closed at the beginning of an experiment, so 
that, on switching on the coil, sparks only pass across the variable 
gap, and as the electrodes of this gap are moved apart, the poten¬ 
tial rises until at length a spark passes across one of the other 
gaps. 

The liquid in the two vapour jackets having been heated to 
boiling, a sm,all quantity of the substance under examination is 
placed ill the sparking vessel, which is then fixed in position in 
its vapour jacket, care being taken that the lower electrode makes 
contact with the mercury layer at the bottom of tlie jacket, and 
through it wi,th the induction coil. The liquid in the sparking 
vessel at once begins to boil, and by so doing drives the air out 
of the vessel; in a short time the liquid will have disappeared, 
leaving the vessel full of dry vapour at the temperature of the 
heating Jacket. The coil is now switched on, and the electrodes 
Oif the adjustable gap'—which should be sparking strongly— 
gradually drawn apart until a spark crosses one of the other gaps. 
If the standard gap sparks first, fresh air is blown across it by 
means of a foot bellows, and the vapour gap reduced slightly' in 
size, when the process is repeated, until 'at length both the 
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standard ;uh:! vapour |^a|)s 8pn.rk Hii}iuli.aneoj?,:''!lv\ li in .'uIvLsahhi 
to Ixigiii tlie, nicasiuTMuenii wiili iJiu va.pour gap wit'lo i')|;n,‘.!! am! 
gradiiaily i.o rca’liiro iis srzo uaUl it jiimI h;»,L's,!a*as wit if i/licf air 
gap, tliu reason l>rvlng tlia.t ma,ijy of ilia vapours decoiii|)oi;;ve' 'wiili 
tlie passa-go of tlio first spfrrk, thus iK30(fssi<.n.iiiig ilu‘ rouiova,! a/nd 
clefuiiiig of Iilu3 spfir'king v(\s.sol ]>eft)ro ihc- inwisiiroinairt oaai lie 
proceeded \vit,h. Wliou the iavo gaps haJauce, iho vapour v(?ssel 
is removed froui ii:s jacket and idle distarua} lieivweeu the (dee- 
trodes rneasiired, either using a ('.a.th,(d,o.iueier or .inorc^ siuipl}; by 
winding two^ sitaigliRcclged papier slips roural i.lie s;parkiiig vessel 
so that they foiun l,)ands, which are then lujld iii piositioii by •ni])b(3r 
rings; the paper bauds a.rc tlnui slip{;'>ed along the glass tube of 
the sparkiiig vessel until their si'raiglit edgt^s lie in the same 
planes as the ends of the cdectrocles, w1ie.n it is obvious that the 
distance between the l>aiids is ilie same as that .separating: the 
electrodes. After measuring this distance,, the. sparking vessel is 
cleaned out and a fresh determination proceeded with. 


Table of Mdative Sfarh Lengths in mm. 



Air gap 

Air gap 

Tompoi*a- 

Substance. 

30 mm. 

20 mm. 

fiiiro. 

Hetbane . 

29 

20 

100° 

Metlayi chloride. 

24 

10 

100 

Methylene chloride . 

9 

6 

100 

Chloroform. 

5 

3-5 

100 

Carbon tetrachloride .... 

1-5 

1 

100 

Methyl broxnide . 

12 

9 

100 

Methyl iodide .. 

8-5 

5’5 

100 

Ethane ... 

24 

18 

100 

Ethyl chloride . 

21 

16 

100 

Ethyl bromide . 

9 

6*5 

100 

Ethyl iodide . 

6*5 

4’5 

100 

Ethylene . 

35 

27 

100 

Acetylene . 

32 

26 

100 

Water 

40 

36 

138 

Methyl alcohol...... 

30 

26 

138 

Ethyl alcohol.. 

23 

19 

138 

^soPropyl alcohol.. 

18 

15 

138 

wBtityl alcohol ,. 

16 ; 

13 

138 

Ethyl formate . 

14 

___ 

138 

Ethyl acetate . 

11 

.— 

138 

Ethyl propionate. 

8 

— 

138 

Carbon dioxide. 

16 

11 

100 

Sulphur dioxide .... 

10 

6 

100 

Carbon disulphide 

8 

5 

100 

Hydrogen sulphide . 

17 

12 

100 




























VARIOUS GASES AND VAPOURS. 


649 


No claim for great accuracy of ilie results, is put forward, Eacli 
figure tabulated is i.lie mean of several readings, wliicli never 
varied ainoiig each other by less than 10 per cent.,, and some¬ 
times by a greater amount. Btili, it is obvious that for any series 
of comparable. s.ul)stanceR 5 increase of molecular weight is accom¬ 
panied by increase of insulating power, but the method is not 
siiiliciently accurate tO' determine whether the property is a purely 
additive one or not. It should be noted that the spark-lengths 
corresponding with the 20 mm. air gap are seldom exactly tv/o- 
thirds of the values obtained with the 30 mm. standard, and in 
some cases vary greatly from that amount. In other words, the 
curves connecting potential and length of spark for different gases 
may intersect one another. This result was actually obtained in 
the case of carbon dioxide and air (both gases being at the 
ordinary temperature), as will be seen from the following figures, 
which give the spark lengths in centimetres: 

Air .. 1 2 4 r> G 7 8 

Carbon dioxide .. 0-5 1 1-6 4-8 5*5 G-5 7*5 8*5 9*5 

It will be seen that at low potentials carbon dioxide is a better 
insulator than air, whilst at higher potentials the reverse is the 
case. 

The purification of the substances scarcely requires mention, as 
they are all well-known compounds. Methane and ethane were 
prepared from the respective alkyl iodides, whilst the other sub¬ 
stances were obtained and purified by the ordinary methods. 

An attempt was also made to measure the. s.park-length for 
several of the substances in the liquid state. For this purpose, the 
upper electrode was mounted on a micrometer screw, so that the 
spark-length might be measured accurately. The results, how¬ 
ever, did not prove satisfactory; several of the liquids formed 
electrolytic conductors, possibly on account of im|)uritieB derived 
from the electrodes, whilst the few that were measured did not 
yield concordant results. It is scarcely to be expected, however, 
that any simple agreement could exist in the case of liquids, for 
not only has the extra factor of surface tension been introduced, 
but, ill addition, the simple relationship between the number of 
molecules and the volume which holds for gases no longer exists. 

In conclusion, I should like to thank Professor W. B. Morton 
for the interest which he has shown in these measurements. 

Physical Chemical IiAboeaxohy, 

Glasq-ow UmvEESiTY. [Beceived^ June lUh^ 1917.] 
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LVIIL — Co7istitiUio7i of the Salts of s-AlJq/khiih 

carhmnides. 

By John Taylor. 

Compounds of tliiocarbainicle witli alkyl haloids were first described 
by Gians {Ber,, 1874, 7, 236; 1875, 8, 41; Afiiiahm, 1875, 179, 
145). The work was reviewed and extended by Bemtliseii and 
Klinger (Ber., 1878, 11, 492; 1879, 12, 575), who showed that the 
alkyl group was linked to the sulphur atom ol thiocarbaniide, 
formulating the substance thus, NB[ 2 *C(INII)'STt,TIX; the coin- 
pound with benzyl chloride was further examined by E. A, Werner 
(T., 1890, 57, 283). Other investigators have examined the addi¬ 
tive products of alkyl haloids with substituted thiocarbamides. 

All additive compound of thiocarb amide and ethyl oxalate has 
been described by Kencki (Ber,^ 1874 , 7 , 780 ). 

Werner (loc. cit.) transformed thiocarbamide benzyl chloride to 

sulphate by the use of sulphuric acid, CSN2H4,CgH5*CI-LCl 
(CSN2H4)2(C0ll5*CH2)2SO4. He also records the transformation of 
thiocarbamide allyl bromide to sulphate by heating its alcoholic 
solution with silver sulphate, 

CSNoIi4,C3H5Br (CSN 2 H 4 )o(C 3 H 5 ) 2 S 04 . 

Arndt (An-nalen^ 1911, 384, 331) prepared several salts of 
f-thioureas by combining them with various acids. He, however, 
was content with preparing the salts, and gave no indication of 
their structure: 

nh2-c(:nh)“SR+hx nHo-c(:nh)-sb,hx. 

The present investigation seeks to extend the range of additive 
compounds, to suggest a structure indicating the position of the 
acidic group, and to show that compounds similar to the direct 
additive products may be prepared by indirect means. 

It has now been found that thiocarbamide unites additively with 
alkyl sulphates, nitrates, and thiocyanates. These additive pro¬ 
ducts were obtained by heating together, in alcoholic solution, 
thiocarbamide and a slight excess of the required ester. 

Methyl esters combined most readily; next in order came benzyl 
esters, and lastly ethyl esters. This order is the same as holds in 
the case of combination of thiocarbamide with the alkyl haloids. 
It is probable that this order corresponds with the order of ease 

* This nomenclature is used instead of the mor© cumbrous ** tins chloride 
'o! b©nzyl«?|^4Mourea ” or the, additive compound of benzyl chloride with 
thiocarbamidef® 
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of liydroiysis ol tlio esters. In tii© case of tlie ttiocyaiiateSj it 
certainly corresponds witli the order of ease of traiisforniatioii of 
tliiocyaiiat© to thiocarbiinide. In conformity witli tills YieWj it 
may be added that allyl thiocyanatO', tlie most easily traiisforiiied 
of all til© thiocyanates, combines completely, in the cold, on long 
contact with tliiocarbamide, whilst phenyl thiocyanate, which shows 
no tendency towards transforming to tliiocarbimide, gave no 
indication of combination even when boiled with thio carbamide. 

Substances similar to the additive products may be obtained by 
indirect means ; thus the same compound was obtained by (a) com¬ 
bining benzyl chloride with thiocarbamide, and (h) the action of 
barium chloride on thiocarbamide benzyl sulphate. Compounds 
with methyl thiocyanate and nitrate obtained by these methods 
were also identical. 

Since esters of organic acids failed to combine directly with thio¬ 
carbamide, advantage was taken of the method of double decom¬ 
position to obtain them indirectly. Their general sparing solu¬ 
bility ill water served to render their isolation quite easy. For ex¬ 
ample, thiocarbamide methyl salicylate was precipitated on mixing 
aqueous solutions of sodium salicylate and thiocarbamide methyl 
sulphate. Under no condition that was tried could methyl 
salicylate be made to combine directly with thiocarbamide. 

When direct addition of an ester to thiocarbamide takes place, 
the alkyl group becomes linked to sulphur. The acyl group may 
enter any one of three possible positions: 




11 


(a.) 


NH 

NH 


2>C‘S-E 

2 I 

X 

( 6 .) 


NH 

XNHj 


>C-S-E, 


(c.) 


■which for convenience may be designated (a) B\ilphonium, 

(b) carbonium, and (c) ammonium compounds. 

These additive products all behave like salts of ■a strong base. 
All are more or less readily soluble in water. Their solutions are 
neutral to litmus, give picrates on the addition of picric acid, and 
respond to the usual 'tests for the acidic ion. As a rule, organic 
compounds which have these acid groups directly linked to carbon 
are not at ail freely ionised; thus ethyl potassium, sulphate, ethyl 
oxalate, and ethyl thiocyanate do not respond to the ordinary tests 
for the acid radicles. This universal and strong ionisation of the 
additive products points' to 'the improbability of the carbonium 
form (5), 

Two observations point to the improbability of the ammonium 
form. First, 'thiocarbamide benzyl nitrite may be recrystallised 
from boiling water. Compounds which contain 'a, nitrite group 
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directly linked to iiitrogeii are well known to ho tn'inta/ble. li seeias 
iiiilikely tiiat tlie compound NOYN]l;.;C(INli)“ 8 *R coiifd be 
stable eiioiigii to be recrystallised from boiling water. Secondly^ 
solutions of tiiiocarlnimide metliyl tliiocyanate and of tliiocarl)- 
amide benzyl tliiocyanate, rvere evaporated repeatedly to dryness, 
and tlie substances fused without any noticeable change in prDpe.i> 
ties. Amine thiocyanates when heated undergo transformation to 
tiiiocarbamides, NHsPlrSCN NIIPlvCS-NHo, 'NH 4 SCN —> 
lSrH 2 “CS*NH 2 - A compound of the type IPS'C^INJiyisrHjfSCN 
slioiild yield with ease R*S*C(IN’JEI)*NPI’CS*hrii 2 ^ whicb, in turn, 
would give hydrogen sulphide to an alkaline solution of a lead 
salt. The thiocyanates nientioned above gave after siicli treat¬ 
ment no trace of lead sulphide when heated with an alkaline solu¬ 
tion of lead acetate. Hence in these products, wdiicli were 
obtained either by direct addition or by double decomposition, the 
acidic group does not form an ainmonium compound. 

The only remaining possibility is the sulphoniiim linking. Herc^ 
both alkyl and acyl groups unite directly with sulphur, thus: 
(NH 2 ) 2 CS-f EX (NH 2 ) 2 C:SEX. This‘view of the grouping 
is not opposed to any of the observed facts. 

Sulphoniiim compounds are well known, and are either weli- 
marked bases or salts. Their properties are very similar to those 
of the tiiiocarbamide additive products. Both are crystalline and 
soluble in water. Their solutions are highly ionised, and Iieneo 
new salts may be prepared by double decomposition, consequently 
there is nothing improbable in the idea that these compounds are 
sulphoniiim salts. 

Werner (T., 1912, 101, 2184) considers it probable that tliio- 
carbamide, under the influence of strongly ionised auids, gives fin 
ammonium compound, XNHa-C(:Nn)-ST4. In this cuiimoxiorp 
interesting observations were made with benzyl additive com¬ 
pounds, and it seems possible that with these Ijotli ammonium irtid 
suiphoiiium forms of compounds with strong acids may exist. Two 
distinct tiiiocarbamide benzyl sulphates were obtained, one, already 
described by Werner (Joe. cit.)^ by heating together tiiiocarbamide 
benzyl chloride and sulphuric an 

alcoholic solution of thiocarbahfide benzyl chloride with sitter’ 
sulphate. The two forms give identical analytical figures for 
“sulphate/''’ but show many differences.' Werner’s sulphate melts 
at 144—146,*^' is exceedingly readily soluble in alcohol, and crystal¬ 
lises from its alcoholic solution in stout rhombs. The compound 
from silver sulphate melts at 180—18P, is sparingly soluble in 
alcohol, and crystallises from this solution in long needles. Each 


Werner gives 132—133^ 
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i?iay l)e transformed into- i.he other, Werner's to the sulphate of 
higher melting point by Imiling with a feebly alkaline substance, 
such as a trace of sodium phosphate, or even ])y recrystallising 
from boiling water; the substance of higher melting point to 
Werner's sulphate, by heating with excess of dilute sulpliiiric acid. 
Werner's sulphate was also prepared by dissolving heiizjl-i)/- 
thiourea in excess of dilute sulphuric acid and by heating thio- 
carbamide sulphate, CSN 2 H 4 ,I-l 2 ;S 04 , with benzyl alcohol. In every 
case, therefore, free sulphuric acid was present when Werner's 
sulphate was prepared. It seems probable that there are two 
isomeric compounds differing from one another in the point of 
attachment of the acid group, free acid determining the ammonium 
form, whilst feeble alkali determines the sulphonium form, thus: 



This transformation is effected by the use of '‘strong" acids only, 
Thiocarbamide benzyl acetate was recovered unchanged after 
recrystallisation from acetic acid. Werner also states (loc. dt.) 
that acetic acid has little or no po’wer tO' change the configuration 
of tliiocarbamide. A similar negative result was obtained with 
the thiocyanate and thiocyanic acid. 

The electrical conductivities of equally concentrated aqueous 
solutions of the two forms of thiocarbamide benzyl sulphate were 
compared. At about 1*5 per cent, concentration, the solution of 
the ammonium form, which is the more readily soluble, conducted 
electricity 3*2 times as readily as the second solution. This great 
difference in conductivity points to differences in structure. More¬ 
over, the animonium forms melt at a lower temperature than the 
corresponding sulphonium forms. 

There are -similarly two modifications of tliiocarbamid© benzyl 
chloride, namely, a form of higher melting point produced by 
direct combination of the constituents in a non-ionising solvent, 
such as acetone, melting at 174^, and a form of lower melting point 
(148°) produced from the first by twice recrystallising it from 
hydrochloric acid, in which it is sparingly soluble. The trans¬ 
formation to sulphonium form is less easy than with the sulphate, 
but it may be accomplished by boiling the alcoholic solution with 
sodium pho-sphate—the aqueous ■ solution is not affected by this 
treatment—and then keeping the resulting crystals in the steam- 
oven for a few hoxirs. 


YOU OXI. 


D P 
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Indications ol two nitrates were observed. TlinSj 
urea dissolved in nitric acid gave, first, flattened noeflles riieltiiig' 
at 118 ^; til© motlier liquors from these gave a mucb smaller csrdp 
of nearly square plates melting at 92^, Recrystallisatioii froru 
alcohol converted these to the sulphonium form melting at 118 °. 

No indications of two thiocyanates were observed. 

The existence of sulphonium and of ammonium forms appears 
to he confined to the henzyl derivatives. The thiocarbamide com¬ 
pounds of methyl nitrate and of methyl sulphate were recovered 
unchanged after recrystaliisation from their respective, acids. 

It is noteworthy that when a salt is produced by double decoim 
positioii, the product is nearly always of sulplioiiiiiin form, whether 
the original material is sulphonium or ammonium. Thus the pro¬ 
ducts of double decomposition of sulphonium and of 
“ ammonium ” thiocarbamide benzyl sulphate with barium nitrate 
were identical, melting at 118°. The same sulphate of higher 
melting point was prepared by the interaction of silver siilpliat© 
and either the “ ammonium or “ sulphonium forms of tliiocarb- 
amide benzyl chloride. 

An interesting isomeride of Nencki’s thiocarbamide ethyl oxalate 
was obtained by heating an alcoholic solution of thiocarbamide 
ethioclide with silver oxalate, Nencki’s product may be regarded 
as a molecular compound of ethyl oxalate with thiocarbamide, 
whilst the new compound may be described as the oxalate of ethyl- 
^-thiourea, (NH 2 ) 2 C’SEt*C 02 *C 02 *S*C'Et{NH 2 ) 2 , or an ionic com¬ 
pound of the above-mentioned substances. The differences 
between the two are quite sharp, and are such as would be 
expected between a molecular compound of thiocarbamide with, 
non-ionised ethyl oxalate and a highly ionised oxalate of a. 
sulphonium base. The former does not yield calcium oxalai© 
until after hydrolysis with alkali hydroxide, nor does it give n, 
picrate; the latter readily gives, in aqtieous solution, both calcium 
oxalate and a picrate. The former yields metallic sulphide with 
an alkaline solution of a lead salt and with anixnoniacal silver 
nitrate. The latter under similar treatment yields metallic, 
mercaptide and cyanamide, 

(NH3)2«C:SEt-C02-C02-g-CEt(NH2)2 + SAgNOg + SISTH^-OH = 

2EtSAg + 2Ag20N2VAg2(C02)2+ 8NH4*NOg + SHgO, 
A sharp difference in fusibility was noted between the two sub¬ 
stances, NencM^s melting at 158°, whilst the other melts at 188°. 

This ' sharp difference in properties between the two oxalates 
serves to indicate the course of the reaction between salts of thio¬ 
carbamide and other compounds. It was suggested by Dixon and' 
Taylor (T., 1916, 109, 1245) that when thiocarbamide hydro- 
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cliloride reacted with acetaldeliydej it was pTolia])]© fcliat tli© acid 
first migrated from tliiocarbamide to acetaldehyde, and that the 
acid coBipoiiiid of the acetaldehyde in turn united with free tliio- 
carbamide, but no direct proof could be given. 

It is now found that when the thiocarb amide oxalate is heated 
wdtli ethyl alcohol, Nenchih compound results. Clearly ethyl 
oxalate is first formed and this afterwards unites with tliiocarb- 
amicle. Therefore the acid migrates from thiocarb amide to 
alcohol ill this case, and presumably to acetaldehyde in the pre¬ 
ceding case. 

A somewhat similar indication was observed with thiocarbaiiiicle 
nitrate. When this compound was heated with methyl alcohol 
or with benzyl alcohol, reduction of the nitric acid occurred 
exactly as if the acid had been heated with alcohol without having 
been freed from nitrous acid by heating with carbamide. It is 
evident that the hold of thiocarbamide for acid is very feeble. 

Experimental. 

Thiocarham.icle and Sulphates. 

Methyl Sulphate ,—Thiocarbamide and methyl sulphate were 
heated together on a water-bath without any solvent. After a 
few minutes a vigorous reaction took place, which was moderated 
by cooling. The product, a brownish-orange paste, was heated 
with alcohol, when a white powder of microcrystalline needles 
was left undissolved. This powder was readily soluble in water. 
The aqueous solution gave all the reactions for a sulphate. When 
it was heated with sodium hydroxide, methyl mercaptan was 
liberated. Alkaline solution of lead acetate gave a yellow pre¬ 
cipitate of lead mercaptide, but no lead sulphide, Ammoniacai 
solution of silver nitrate gave at first a white precipitate, which 
on heating turned yellow. Silver mercaptide and silver cyan- 
amide were formed, hut no silver sulphide. 

The substance was apparently the sulphate of iiiethyl-i^-thio- 
urea, (CSiN2"®^4)2^^si^^4* Analysis: 

0*317 gave 0*255 BaSO^. S 04 == 33 * 14 . 

C 3 iH 3404 lSr||S 3 requires 804 = 33*71 per cent. 

A similar product was obtained hy heating thiocarbamide 
sulphate with methyl alcohol. Thiocarbamide was dissolved in 
half its weight of sulphuric acid, and to this was added excess of 
methyl alcohol. After short heating on a water-bath, a yellow, 
amorphous powder formed which was rejected, and the heating of 
the solution continued, until no silver sulphide was formed' on 
adding ammoniacai silver nitrate solution, to a drop of the liquid.. 

' , B B 2' 
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Oil coolings tliiii plates separated, whicli Ijeliaved in. ail respeei-s 
like tile direct additive pi’odticfc- Each docoiuposed a,fc 
Eacli gave a bright yellow picrate (ni, p. 22 F-*) wliicli may be 
recrystallised easily from hot water. 

The latter method of preparing the substance affords a con¬ 
venient method of producing material as starting point for 
obtaining other derivatives of methyi-^;-thiourea. 

Ethyl Sulphate. —This substance reacted with thiocarbamide 
under similar conditions and in jnst the same way as methyl 
sulphate, except that heating had to be co,ntiiiued for a much 
longer time. 

The siilpbate, (CSNj>H^) 2 Et 2 SO,j, crystallises in tufts of white 
needles melting and decomposing at 202 °. Its picrate melts at 
186°. Analysis: 

0-302 gave 0-226 BaSQ.^. 30*86. 

0 (]Hig 0 ,jLN 4 S 3 requires 804 = 31*22 per cent. 

An exactly similar product was obtained, but only in small 
yield, by allowing thiocarb amide sulphate and ethyl alcohol to 
remain together in the cold for three or four days. 

Bemyl Sulphate, —An alcoholic solution of thiocarbamide 
benzyl chloride was heated on a water-batli for a few hours with 
silver sulphate. The filtrate gave white, silky needles free from 
chloride which melted and decomposed at 180—181°. These were 
somewhat sparingly soluble in alcohol and readily sO' in water. 
The aqueous solution gave the usual tests for sulphate and for 
?/^-thiourea. The picrate from this substance melted at 183°, as 
does the picrate from thiocarbamide benzyl chloride described 
by Werner Qoc. cit.). 

The same sulphate was obtained when either the ‘bammoiiinm ” 
or sulphonium ” form of thiocai’bamide benzyl ehlorido was 
employed as starting point: 

0*249 gave 0-132 BaS 04 . 804 = 21*84. 

03 (.Ho 204 N 4 S 3 requires 804 = 22*32 per cent. 

The aiTiinonium ” form was obtained when thiocarbamide 
sulphate was heated with benzyl alcohol on a water-bath for half 
an hour, and the whole allowed to remain for a day. The result¬ 
ing creamy paste was filtered and the residue crystallised from 
alcohol. The product melted at 143—144°, and agreed in all 
respects with Werner’s sulphate. 

This same form of the sulphate was also prepared by dissolving 
benzyl-^-thiourea in excess of hot dilute sulphuric acid. On cool¬ 
ing the solution, crystals melting at 143° separated (see Arndt, 
loe, cU.). 

The specific conductivities of solutions of '' ammonium and of 
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siilpiioiiiiiitt iliiocarbamide benzyl sulpliate were measured in 
a cell tile constant of which was O'105. 

With, a solution of 2‘5 grains iu 200' c.c., tlie solution of the 

animoiiiiiiii form had a resistance of 8*8 ohms^ whilst the 
“ sulphonium forjii. had a resistance of 28*0 ohms. The eqiiiva- 
lent conductivities are therefore 205*2 and 64*5 respectively. 

Thiocarljamide and Nitrates. 

Methyl Nitixite. —Thiocarbamide and methyl nitrate in methyl 
alcohol were heated on a water-bath for two or three hours. The 
solution gave rhombs which melted at 109—110^, and this melt¬ 
ing point was not changed when the substance was recrystallised 
from nitric acid. The substance was soluble in water, and the 
aqueous solution responded to the usual tests for ^/'-thiourea with 
an alkaline solution of lead acetate and with an aminoiiiacal solu¬ 
tion of silver nitrate. It dissolved readily in methyl or ethyl 
alcohol: 

0*250 gave 39*0 c.c, NO at 17° and 755 mm. N (iiitratic) = 9’16. 

C 2 li 703 N 3 S requires N (iiitratic) = 9*15 per cent. 

An attempt to prepare the substance from thiocarbamide 
nitrate and methyl alcohol failed. With excess of methyl alcohol, 
no sign of combination was observed after an hour on a water- 
bath. On concentrating the solution to smaller bulk, a vigorous 
reduction of nitric acid took place; no thiocarbamide methyl 
nitrate could be detected. 

A product similar to the direct additive product was obtained 
on mixing aqueous solutions of thiocarbamide methyl sulphate 
and barium nitrate. From the hltrate a substance was obtained 
melting at 108—109° and having the same crystal shape and 
chemical properties as the direct additive- product. The two sub¬ 
stances gave identical picrates (m, p. 221°). 

Nfhyl Nitrate .—^Thiocarbamide and ethyl nitrate were heated 
together with alcohol on a water-oath at intervals for nearly a 
month. Considerable interaction had taken place, as the result¬ 
ing solution gave only a slight blackening when heated with 
alkaline lead acetate solution. A picrate was obtained (in. p. 
186°) similar to all the picrates obtained from ethyl-i/'-thiourea 
compounds. 

Attempts to prepare the substance by the interaction of ethyl 
alcohol and thiocarbamide nitrate failed, just as in the case of 
methyl nitrate. 

The action of silver nitrate on thiocarbamide ethiodide resulted 
in the formatio'ii of double silver salts. ' 

Bemyl Nitrate .—This compound was prepared by mixing hot' 
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coiiceiitivited solutions of either thiocarbaniicl© benzyl cdiloricle or 
benzyl sulphate and potassium nitrate. WliitOj ilatt.ened needles 
separated from tlio cooled liquid, which when rccrystaliis(3d from 
water melted at 118—119*^. 

The siihstance prepared by Arndt's nieiiiod of dissolving benxyh 
i/?41iioiirea in nitric acid agreed in all respects with, the rriai'4};rial 
as prepared above. The melting point of a mixture oi: the two 
remained nn,changed, showing their identity. 

Analysis was carried out by adding an arnniOTii;ical solution of 
silver nitrate to a weighed quantity of material in aqueous solin 
tion. The compound was coinpletely decomposed according iio 
the equation: 

(NHo)2<^:S(CTl2pli)-NO.j+ aAgN 03 + 4NHVOH- 

CN2Ag3+ CH.Ph-SAg + 4NH4^N03p 4HoP. ^ 

Th© filtered precipitate of silver, cyanamid© and silver benzyl 
mercaptid© was treated with nitric acid, and the amotint of silver 
in solution determined by Volhard's method. One hundred parts 
of the substance gave 139*6 parts of silver, whereas 100 parts of 
require 141*6 parts of silver. 

The nitrate readily separates on cooling a mixture of nitric 
acid with a hot concentrated solution of thiocarbamide benzyl 
chloride (compare Arndt, loc. cit.). 

Attempts to prepare thiocarbamide benzyl nitrate froiii a mix¬ 
ture of thiocarbamid© nitrate and benzyl alcohol failed in the 
same way as with methyl alcohol and with ethyl alcohol. 

Identical products (m. p. 117—118^) were obtained by the 
addition of barium nitrate to solutions of either snlplioniirro 
or ^temnionium" thiocarbamide benzyl sulphate. 


Thiocarbamide and Btnzi/l Chloride, 

'Werner’s work on thiocarbamide benzyl chloride (?oc. cM,) wa,s 
revised in the light of the previous experiments. He stated that 
on three occasions he ■ obtained specimens which inelt'ed at 
142—143^. On other occasions his product melted at 174^. He 
suggested the existence of polymeric modifications. It is now 
found that when a non-hydrolysing solvent, such as acetone, is 
used, no substance of lower melting point is formed. Eepeated 
recrystallisation of the product from hydrochloric acid, in which 
it is much less readily soluble than in water, yielded thin, glisten¬ 
ing plates which melted at 148®. This appears to be the 
ammonium ” form of the compound. The melting point of this 
form, following the general rule, is lower than that o-f the corre¬ 
sponding “ sulphoniumform. 
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After the “ amnionittm form has been heated in alcoholic 
solution for about an hour with animal charcoal and sodium phos¬ 
phate; the material becomes less readily soluble in alcohol, and 
til© crystals show scarcely any softening at the lower temperature, 
and if they are further heated in a steam-O'ven for two or three 
hours the substance melts at 174^ without previous softening. 
A mixture of the two forms is, however, very readily obtained, 
recrystallisation from^ water being sufficient to transform part 
from ‘‘ sulphonium"" form to '' ammonium form. A mixture of 
the two forms was produced when either the sulphonium or 
ammoniumform of thiocarbamide benzyl sulphate was trans¬ 
formed to chloride by barium chloride. 

The hydrochloride of benzyl-^-thioiirea may be prepared easily 
by dissolving the ?/'-thiourea in an excess of hot dilute hydro¬ 
chloric acid. The crystals which separate on cooling melt at 148° 
and are identical with the ammonium ’’ form of thiocarbamide 
benzyl chloride (compare Arndt, lor. rit.). 

An exactly similar product, melting at 148°, was prepared by 
heating thiocarbamide hydrochloride with benzyl alcohol. 


Thiocarhmnlde and Thiocyanates. 

These compounds are the more interesting, as all attempts to 
combine thiocarbamide with thiocyanic acid have failed up to the 
present (Kraii, T., 1913, 103, 1383). 

The compounds now obtained are ionic, giving the usual reac¬ 
tions for thiocyanates, unlike the parent materials. 

Methyl Thiocyanate *—Thiocarbamide methyl thiocyanate and 
alcohol were heated together on a water-bath for two or three 
days. A considerable quantity of solid separated which juelted 
and decomposed at 78—80°, and was very readily soluble in water 
or alcohol. The usual ^-thiocarbamide reactions were shown, as 
well as those for thiocyanate. It yielded a picrate melting at 
220 °: 

0*242 required 16*1 c.a iV/10-CuSO4. SCN=:38*6. 

CjjHjN'gSo requires SClSr=S8*9 per cent. 

This compound gave no sulphide when heated with an alkaline 
solution of lead acetate or with an ammoniacal solution of silver 
nitrate, nor was sulphide produced by this treatment after solu¬ 
tions of the substance had been repeatedly evaporated on a water- 
bath and the substance itself maintained in a state of fusion for 
several hours. 

An exactly similar product melting, at 78—79° was 'prepared 
by the interaction of solutions of thiocarbamide methyl sulphate 
and of barium thiocyanate. 
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Ethyl Thiocyamite.~-Qoin]A&t% couibinatiou of tlie 
amide could not be effected. Interaction took ])Iace, as tlic5 solu¬ 
tion g^iv€> a picrate ojid lead niercaptide. Aiiiinoiiiacal silver j^’ave 
silver sulpbide^ indicating unchanged thiocarbainidc. The 
duct was a faintly brown paste. 

Be-iizyl Thiocyanate. —Tbiocarbamide was heated on a water- 
bath with benzyl thiocyanate and alcohol. After five or six hours 
reaction was complete. The product separated in bundles of long, 
slender needles which melted at 82—84^, and this melting point 
was unchaiiged by recrystallisation from thiocyanic acid, but its 
crystal shape became transformed to thin, hexagonal plates. 

Found: SON-25*68. 

C 9 H 11 N 3 S 2 requires SCN = 25*78 per cent. 

A product crystallising in long needles, but melting at 85“86®, 
was prepared by dissolving benzyl-i/^-thiourea in. thiocyanic acid. 
On recrystallisatioii from thiocyanic acid, hexagonal plates melt¬ 
ing at 82—84^ were again obtained. None of these producis 
gave hydrogen sulphide to alkaline lead acetate after heating to 
the fusion point. When heated more strongly, the substance dis¬ 
sociated, giving benzyl thiocyanate, and the fusion now readily 
gave metallic s-ulphides. 

AUyl Thiocyanate .—To an alcoholic solution of allyl thiocyanate 
was added finely divided thiocarbamide, and this mixture allowed 
to remain, with occasional shaking, for nearly a month until the 
liquid gave none of the reactions for thiocarbamide. The product 
was a clear, yellow oil. One hundred parts of the substance gave 
184*3 parts of silver, whereas 100 parts of CSN.jTd' 4 Xhr 4 *SCN 
require 185*1 parts of silver. 

ThioeaThandde and Beihzyl Nitrite. 

From an aqueous solution of thiocarbamide benzyl chloride and 
sodium nitrite this compound sei>arated in fine needles. Its melt- 
iiig point (126*^) was determined by plunging the melting-point 
tube into an already heated bath. Identical products werc 3 
obtained with either ''ammonium'' or "sulphonium" thiocarb¬ 
amide benzyl chloride as starting point. Nitrous acid was 
liberated by dilute acids, and the substance responded to the 
usual tests for i/^-thiocarbamide. One hundred parts of the siib- 
stance gave 143 parts of silver, whereas 100 parts of 
CSN 2 H 4 ,C^H 5 *CIi 2 ,*N 02 require 145*2 parts of silver. 

Arndt prepared a similar substance from' benzyl-«f-thiourea in 
an. acid solution. He gave the same melting point for his "pro¬ 
duct, but did not check its composition. 
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Thioearhamide and Oxalates, 

Ethyl (Ber,j 1874, 7, 780) and Clans (Bex,, 

1875, 8 , 43) prepared an additive compoiiiid of tMocarbaiiiid© 
wit'll ©tliyl oxalate, wiiicli melts at 158° and does not respond to 
any of tire tests for i/'-tliiourea or for oxalate. 

All isomeride, (CSlSr 2 ri 4 ) 2 (C' 02 Et) 2 , lias now been obtained by 
tlie interaction of silver oxalate and thiocarbamide etModide, To 
tlie ethiodide, dissolved in alcohol, was added finely powdered 
silver oxalate. A considerable rise of temperature occurred and 
silver iodide was formed. After heating for about ten minutes 
on a water-bath, the hot mixture was filtered. A white, crystal¬ 
line deposit of small rhombs melting at 187—189° was formed 
which contained no silver or halogen. It was readily soluble in 
water, and the solution at once responded to the tests for oxalate 
and for i/z-thiourea: 

0-331 gave CaOx equivalent to 22*4 c.c. iV/lO-KMiiO.!, corre¬ 
sponding with oxalate ” = 29*7. 

CgIIig 04 N 4 S 2 requires oxalate= 29*8 per cent. 

Attempts to prepare this substance by heating thiocarbamide 
oxalate with ethyl alcohol resulted in the formation of Nencki’s 
compound, melting at 155°. The course of the reaction may be 
represented thus: 

(CSN 2 H 4 ) 2 Tl 20 x H- 2EtOH 2 H 2 O - 1 - 2 C 8 N 2 H 4 + 

EtoOx 

Benzyl Oxalate, —This compound was obtained in thin, long, 
oblong plates melting at 191—192° on recrystallising from hot 
water the precipitate formed on mixing aqueous solutions of tliio- 
carbamide benzyl chloride and ammonium oxalate. Its chemical 
behaviour is similar to that of the preceding compound: 

0-313 gave Ca'Ox equivalent to 14*8 c.c. iY/lO-KMnO.j, corre¬ 
sponding with oxalate’' = 20*81. 

C;j 8 lf 22 ^ 4 ^‘i ^‘2 requires oxalate’^ = 20*85 per cent. 

The same compound also resulted from the interaction of («) 
thiocarbamide benzyl chloride and silver oxalate (m. p. 192°), and 
(h) equivalent quantities of benzyl-^-thiourea and oxalic acid in 
alcoholic solution (m. p. 188°). 

Thioearhamide and Salicylates. 

Methyl Salicylate. —Methyl salicylate and thiocarbamide failed 
to unite at the boiling pO'int of methyl salicylate, ^ The ionic com¬ 
pound was precipitated on mixing hot concentrated solutions of 
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tliiocarbfiiriide nietliyl sulphate and sodium salicylai'e. 1M:io siib'- 
staiice crystallises in long needles which deco'Utpose at Its 

chemical behaviour is similar to that of other salts of i/;4liioiixeas. 
One liundred parts of the substance gave 142*8 parts of silver, 
whereas 100 parts of CS']SroH 4 ,HO*C<;H.pCO^Me require 3 42'2 paries 
of silver. 

BeMzyl 8(die/ylate~-Th.b compound was prepared from thiocarl)- 
amide benzyl chloride and sodium salicylate. It crystallises in 
fine needles which melt at 144—145^. One hundred parts of the 
substance gave 107*5 parts of silver, whereas 100 parts of 
08^0114,110“Cj.TipC02*CB[oPh require 104*9 parts of silver. 


Thioca7'ha77iidc and Acetates. 

Ethyl Acetate .—-This ester does not combine directly with thio-, 
carbamide, but when thiocarbamide ethiodide in alcoholic solu¬ 
tion was heated with its own weight of silver acetate for three to 
four hours, the solution deposited, on cooling, white, short prisma 
of the required compound which decomposed at 151—152^. One 
hundred parts of the substance gave 178*3 parts of silver, whereas 
100 parts of GSN2H4,CH3*C02Et,H20 require 178*0 parts of 
silver. 

The substance therefore contains water of crystallisation. 
Arndt Qoc. cit,) prepared the acetate of benzyl-?/'4hioiirea, and 
showed that it also- contained water of crystallisation. None of 
the other salts examined possessed this property. 

Bemyl Acetate .—The compound of this ester with thiocarb¬ 
amide separated in long, flattened needles on cooling hot mixed 
solutions of excess of sodium acetate with thiocarbamide, i;lie 
benzyl chloride, or either of the two forms of the Ijenzyl Hiil|)]iato. 
It melts to a brO'Wn liquid at 135—136^, and its melting jmiiit and 
crystal shape are unchanged by recrystallisation froiu ac?oiic acid. 

The compound prepared by dissolving benzylu/^dhiourea in 
acetic acid has the same melting point and the same properties 
as the one prepared by double decomposition (compare Arndt, 
Zor. ciZ,). One hundred parts of the substance gave 132*7 parts 
of , silver, whereas 100 parts of CSN 2 H 4 ,CH.pCOo*CIIoPh,ILO 
require 132*7 parts of silver, 

Thio carl amide and Fhosj^hates. 

Ethyl Phosphate .—The thiocarbamide compound of this est^^r 
was obtained by heating an alcoholic solution of thiocarbamide 
ethiodide with silver phosphate. The product is sparingly soluble 
in alcohol and readily so in water. It crystallises from alcohol in 
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sliioiiig leaves which decompose ai 195—196^. Its composition 
was checked by the silver method. Owing to the exceeding solu¬ 
bility of silver phosphate in .ammonia, this was recovered by 
careful neutralisation of the ammoiiiacal liquors after the first 
precipitation. One hundred parts of the substance gave 303*3 
parts of silver, whereas 100 parts of (CS]Sr 2 li 4 ) 3 (C 2 ll 5 ) 3 p 04 require 
305*3 parts of silver. 

Benzyl Phosphate .—The product was obtained by mixing equal 
weights of thiocarbamide benzyl chloride and sodium ammonium 
phosphate in hot aqueous solution. An oil formed which pre¬ 
sently hardened to crystals. The substance is sparingly soluble 
in alcohol, and when crystallised from hot water it forms small, 
fine needles decomposing at 191*^. One hundred parts of the sub¬ 
stance gave 216 parts of silver, whereas 100 parts of 
(CSN 2 H 4 ) 3 (CH 2 Ph) 3 P 04 require 217‘4 parts of silver. 

An exactly similar product decomposing at 191° was obtained 
on mixing alcoholic solutions of benzyl-i/^-thiourea and phosphoric 
acid. 

My thanks are due to Prof. A. E, Dixon for kindly criticism 
and interest shown during the course of this investigation, and to 
Mr. P. Belas for measuring the conductivity of the solutions. 

Chemistey Department, 

University College, 

Cork. {Eeceived, May IWi, 1917. 


LIX .—Phosphorescent Zinc Sulphide. 

By Elizabeth MacDougall, Alfred Walter Stewart, and 
Robert Wright. 

The study of the conditions producing phosphorescence has given 
rise to an extensive literature,'^ but it cannot be said that much 
clear light has been thrown on the problem. Data given by one 
observer are contradicted by other workers, and it appears in 
general that the various investigators did not take sufficient care 
to define the conditions under which they worked, so that 
attempted repetitions of the work were hindered by a lack of 
exact knowledge of the experimental conditions employed by 
earlier investigators. The present work was carried out with a 
view to define more clearly the various factors which are con¬ 
cerned in the production of phosphorescent zinc sulphide. 

^ See Kayeer, Handbuch der Spektroseopie,*’ Vol. IV. 
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III order to^ make dear wliafc is miavoidahly a sonievviiaJ'.' roin-' 
plex. subject’, it will be best to deal separately wlib iiic following 
eight questions wliicli arose in the course of the in.vesiiga.fc!oiis : 

I. The phosphorescence of p’lire y.iiic sulphide. 

II. The iniiiieiice of traces of impurities on phosphorescence. 

III. The means by which impurities can be introduced. 

IV. The influence exerted by the conditions under which the 
zinc sulphide is precipitated. 

V. The treatment of the zinc sulphide precipitate before 
drying. 

VI. The influence of temperature on the production of phos¬ 
phorescent zinc sulphide. 

VII. The methods of testing the final product. 

VIII. The influence of appreciable quantities of impurities on 
the phosphorescence. 

I. The Fhosphoi'^escence of Pure Zinc BiPpMde.--T\x^ data 
respecting the power of phosphorescence possessed by pure zinc 
sulphide are often contradictory. Some authors state that the 
presence of a trace of impurity is necessary in order to obtain 
phosphorescent specimens, whilst other investigators find that 
pure samples can be obtained in the phosphorescent form. Various 
attempts were made by us to prepare zinc sulphide by different 
methods in order to determine the phosphorescence of samples 
produced in different ways. 

Ordinary precipitated zinc sulphide shows no trace of phos¬ 
phorescence. Heat is necessary in order to produce the 

P’hosphorescent condition, from which it niay be deduced that the 
physical nature of the sulphide (amorphous, sonii-'crystalline, or 
crystalline) has a considerable bearing on the occiirreiicje of the 
property in question. Working on this idea, several other 
methods of obtaining zinc sulphide were tried. If the calculated 
quantities of sulphur and zinc are used as^a ‘'thermite ” mixture, 
deflagration occurs, and the zinc sulphide thus produced shows in 
part a considerable power of phosphorescence. By conducting the 
operation in a roomy vessel, the volatilised zinc sulphide is 
separated into various sections lying on circles of different radii 
with the crucible in the centre, and it is found that the power 
of phosphorescence differs from circle to circle. The method, how¬ 
ever, was of little practical value, owing to the fact that the^ 
of the crucible charge had an influence on the temperature attained 
during the deflagration, so that standardisation was difficult. Also 
no accurate measurements of temperature could be made, so that 
it, was impossible to guarantee an exact reproduction of the 
, experimental conditions. A further set of experiments was imnle 
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by iieatiiig ziac in a crucible and adding excess of sulpliiir; but 
here again tlie difficulty of exact reproduction of tlie experimental 
conditions vitiated the value of the method, and the results were 
not promising, although specimens of phosphorescent zinc sulphide 
were obtained in this manner. Similar drawbacks attended the 
addition of zinc to boiling sulphur and the interaction of zinc oxide 
and sulphur. The prodiiction of zinc sulphide by allowing zinc 
va|3our and sulphur vapour to interact suffered from a similar 
defect, as the heat of reaction in this case is incapable of being 
regulated, and in addition the method is troublesome. Experi¬ 
ments were also made with the electric arc as heating agent, but 
with the same lack of definite success. 

In general, we found that pure zinc sulphide is capable of giving 
rise to phosphorescence; but the effect is not a very marked one, 
and is not comparable with the phosphorescence obtained in the 
ways which will be dealt with later in the present paper. 

II. The Influence of Small Quantities of Imjnirities, —Here 
again the literature is very confusing, as some authors describe 
certain impurities as being advantageous, whilst other investi¬ 
gators mention the same impurities as having a deleterious 
influence. From our own results we are inclined to believe that 
these contradictory data arise from the fact that different workers 
used different temperatures, and that the impurity played less part 
in the matter than has been supposed. All that can be said with 
certainty is that certain impurities, such as iron, seem to inhibit 
the power of phosphorescence to a great extent, whereas other 
admixtures, such as common salt, increase the phosphorescent 
effect. A rough empirical rule is that impurities of metals which 
give black sulphides seem to exert a deleterious effect on the 
phosphorescence of zinc sulphide. This rule, however, requires 
modification in some respects when the influence of temperature is 
considered, as will be seen later. It may be taken as proved that 
impurities do influence the phosphorescence phenomena, and that 
the amount of impurity required is extremely small. 

III. The Manner in which the Imjnmties are Introduced into 
the Zinc Stdphide,- —Fixed quantities of a given impurity may be 
introduced into a given sample of zinc sulphide by one of three 
methods. In the first place, the precipitated zinc sulphide may 
be mechanically mixed with the impurity before heating takes 
place; secondly, the precipitated zinc sulphide may be washed 
with a solution containing the impurity, and the material may 
then be dried in the steam-oven before' heating, so that a certain 
amount of the impurity adheres to the particles' of zinc sulphide; 
or, thirdly, the impurity may be placed in the solution of a zinc 

-EE 'S 
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salt and the adiriixtiire obtained by pn:;ei|>iiai'.ii{p; Uie zitu' siilpliidt' 
and neglecting- to wash the precipitate a,fter it liaa ijceji prodmaMl 
.A,11, three !ueils,ods give results. The lirsl- oieiiuxl ii'* a.pi, in pru 
due© uneven preparations,^ owing to ilie tnixiur(,^ not. Iteing 
siiflieieiitiy uiiiforni; the second method is better, but the iinpiirii-y 
is only deposited on the outer edge of the ilocky material, either 
by adsorption or by mere mechanical deposit as itie water is 
removed. The third method insures that the impurity is occluded 
in the precipitate, and therefore gives , a much more uniform 
result, 

IV, The Conditions of Frecipitation. —It occurred to us that 
the precipitation of zinc sulphide from the solution of a zinc salt 
was capable of taking place under two conditions: (u) when excess 
of precipitant was present, and (h) when the zinc salt was in 
excess, and it seemed possible that this might affect the character 
of the final product. Experiments were therefore made in 
some of which a zinc salt was added to excess of aminoiiiiini 
sulphide, whilst in other experiments ammonium sulphide was 
added to a solution containing excess of a zinc salt. When both 
types of product were submitted to identical heating processes, it 
was found that there was a marked difference in the phosphor¬ 
escence produced. The greatest illuminating power was found in 
the case where the zinc salt was present in excess; the other 
samples (in which the whole of the zinc was precipitated) gave 
much inferior results. This point will also be discussed later. 
Its practical bearing was to give a preference to ainmoiiium 
sulphide over hydrogen sulphide as a precipitant, for in the case 
of the former it was possible to break off the precipitating process 
at any desired point, whereas with gaseous hydrogen sulpliidci it 
was difficult to ensure that a fixed proportion of zim; was pre¬ 
cipitated. 

V. The Treatment of the Wet Frecipitate to Ensure Basjj Filtra¬ 
tion and Dinjing, —The zinc sulphide precipitate is one which under 
ordinary conditions entails considerable trouble in filtration, but 
the following method was found to give good results. Zinc 
chloride sticks were dissolved in water, giving as concentrated ?i 
sokdion as possible. Ammonia was added until the precipitate 
formed redissolved. The solution was then allowed to remain for 
twentyToiir hours, after which all precipitate (chiefly iron hydr¬ 
oxide) was filtered off; the filtrate was diluted with water until 
each litre contained a gram-atomic weight of zinc, and in making 
up the solution 15 grams of sodium chloride per litre were added, 
as it was found that the presence of this gave the best results* 
Of this standard solution, 100 c.c. were raised to the boiling point, 
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tlieii a given luiinber of cx. of a thotisaiidtli gram-molecular solu¬ 
tion of some compound of the element used as impurity was added, 
and tlie zinc sulphide was at once precipitated with enough 
ammoiiiiiin sulphide to bring down half the total quantity of zinc 
present. The quantities of impurity solutions used were 5 cx., 
10 cx., 15 c.c., and 30 cx. in the case of each element tested, so 
that four comparable results were obtained. In the case of basic 
elements, some soluble salt was employed, whilst for acidic elements 
the sodium salt was used wherever possible/'^* 

After precipitation was complete, the boiling mixture was 
poured into an equal bulk of cold water containing 15 grams of 
sodium chloride per litre. Settling takes place rapidly, and the 
precipitate thus obtained is much more readily filterable than the 
ordinary material. After filtration, the material (without wash¬ 
ing) was dried in a steam-oven, ground to fine powder, sieved 
through muslin, and was then ready for heating. 

“VI, Effect of Tenepei'aUire on the Froduction of Fhosphoresi'cnt 
Zhic Sulphide. —Two factors enter into this problem: (a) the 
temperature to which the sulphide is heated, and {!)) the duration 
of the heating process. In order to obtain comparable results, we 
utilised an electric furnace with a thermo-couple, and in this way 
we were able to repeat our experimental conditions with a high 
degree of accuracy. Our first series of results was obtained by 
heating the prepared sulphide in a porcelain crucible for an hour 
and a-half in the electric furnace at a temperature of 650*^, The 
material of the crucible may possibly exert a certain amount of 
effect, but graphite crucibles, which were tried, were found to be 
inconvenient from more than one cause, and we experienced no 
difficulties in using porcelain ones. The results obtained with 
porcelain crucibles will be given in Section VII. 

Further investigation showed that, speaking generally, there are 
three grades of temperature which may be employed. Below 650^ 
even prolonged heating produces only poor phosphorescent effects 
in the sulphide. Between 650° and 900° the results are much 
better, whilst heating for any length of time at 1100° produces 
very poor specimens. An examination of the samples obtained 
under these three conditions proved that the material produced 
below 650° was viscous and amorphous, that obtained between 
650° and 900° was semi-crystalline under the microscope, whilst 
the substance produced at 1100° was purely crystalline. Of course, 
the change from semi-crystalline to crystalline material is to some 

* Wo wore niiicb indebted to Professor G. G. Henderson, F.R.S., who 
kindly fiimisliod xis with speciin6n.s of some of the rarer elements to complete 
the series. 
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extent dependent on tlie period of heating, some quite crysta,!- 
liiie material being obtained by prolonged heating at 900*^, whilst 
semi-crystalline substances can be produced by a few miiintes^ 
heating at 1100^. For ordinary working purposes, however, it 
was found that half an hour was the shortest interval of heating 
w^hich could be usefully employed, as less than this entailed 
trouble with the exact regulation of the furnace after it had been 
opened to admit the samples, and concordant results wrere not easy 
to obtain. Thus it may be taken that the best phosphorescent 
samples are produced by heating to some temperature between 
650*^ and 900° for a time not exceeding an hour and a-half. 

Our next set of experiments was directed to testing whether tlie 
phosphorescence w^as due to a state of strain being set up in tlie 
crystalline structure of the sulphide, as this seemed possible from 
a consideration of the results just described. We therefore carried 
out a series of experiments concerning the effect of quenching the 
heated sulphide in various liquids. Water, we found, gave poor 
results, especially with material heated at a low temperature, as 
deliquescent substances were present which had some infiuence on 
the process. Experiments with organic liquids, such as chloro¬ 
form, carbon tetrachloiude, and paraffins, gave better results; but 
the process set up charring in the liquid, with the result that the 
zinc sulphide was rendered dirty in parts. We therefore aban¬ 
doned this line of investigation. 

Up to this point we had proceeded on the assumption that the 
material should be screened from the air while being heated, and 
had conducted all our experiments in tightly closed crucibles; but 
as we wished to adopt a new system of sampling, we tested if any 
difference in the product could he detected if the crucible was left 
open or was kept tightly closed. It appears that no appreciable 
advantage is gained by the exclusion of air. Samples in open 
crucibles and others in closed crucibles gave very similar results. 

This opened up a new possibility, and we proceeded to deter¬ 
mine the exact period of heating which gave the greatest phos¬ 
phor escent effect when the final product was illuminated by light. 
A large crucible was filled with material and placed in the furnace, 
already heated to a fixed temperature. Samples were withdrawn 
at fixed intervals of time, and were tested for light effect by cool¬ 
ing and exposing them to daylight. Thus we were able to trace 
the maximum point of illumination and repeat our experimental 
conditions at other times with certainty. 

YII.' The Methods of Testirig the Fined Phosphor- 

escence may be excited in zinc sulphide in four different ways: 
by light, by A-rays, by cathode rays, or by Becqueiel rays from 
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radioactive substances. It will be necessary to consider tliese 
sepaxateiy. 

In order to test tlie relative brightness of phosphorescence under 
the action of light, a standard sample was chosen which showed 
a brilliant illumination after a brief excitation. The substance 
actually used w^as a zinc sulphide containing vanadium (30 c.c. of 
il// 1000-sodium vanadate in 100 c.c. of If-zinc solution contain¬ 
ing 1*5 grams of sodium chloride before precipitation) which had 
been heated for an hour at 750^. Any sample which, when, sub¬ 
mitted to the light test, gave an illumination equal to this was 
reckoned as Class A. The Class B standard was made up by 
mixing 0‘5 gram of the vanadium standard mixed with 0*75 gram 
of precipitated (unheated) zinc sulphide, whilst the Class C 
standard consisted of 0*5 gram of the vanadium standard mixed 
with 2 grams of precipitated zinc sulphide. The illuiniiiation was 
made in the dark-room by means of a fixed length of magnesium 
ribbon. The estimation of intensity is at best only a rough one, 
as owing to the evanescence of the phosphorescence it is impossible 
to carry out exact photometric measurements. The results are 
shown ill the accompanying tables in the columns A, B, and C. 
A cross () in the column indicates that the sample had a corre¬ 
sponding phosphorescence. 

With regard to X-rays, the same standards were utilised, and 
each sample of zinc sulphide was compared by placing it on a 
card along with three standards and estimating the luminosity 
when submitted to the action of X-rays generated from an X-ray 
bulb below the card. In this case, also, the estimates of luminosity* 
are necessarily rough. The results are shown by asterisks in the 
table. 

Turning next to the excitation by means of cathode rays, the 
apparatus employed was simple, A tube in the form of an H 
had the disk-shaped cathode and anode sealed into the upper ends 
of the vertical tubes of the H, one in each. The bottom of the 
Tl-tube, O'pposite the cathode, was furnished with a ground stopper 
bearing on its upper surface a mica disk, which was kept well 
above the ground portion of the glass by being mounted on a 
glass rod or tube. The standard substance was .placed on the 
mica plate along with the specimen to he compared, and the whole 
vessel was exhausted. 

Ill order to differentiate between the sensitiveness of the various 
specimens, the number of strokes of the Topler pump used 
throughout the experiments was employed, and These numbers 
are given in the following table. The readings Oreeii/^ ^^Blue,” 
and Yellowish-greenindicate the tint'of the phosphorescence 
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shown. Ill the column head-ed First response” is given ilie 
number of strokes of the pump necessary to produce the first 
faint indications of phosphorescence in the samples under investi¬ 
gation. The column headed “First brightness” indicates the 
number of strokes of the pump necessary to produce an appear¬ 
ance of internal glow in the samples. The column headed 
“Intensity” refers to the appearance of the illumination after 
the vacuum has been made as high as possible with the pump. 
Intensity I implies that the substance glows steadily, but with 
no marked brilliancy. Intensity II indicates tliat when the 
current is first applied, the substance exhibits a momentary flash 
and then dies down to a state similar to Intensity I. Intensity III 
covers the case in which the first fiash is not momentary, but lasts 
for a short period—some seconds at least. Intensity IV repre¬ 
sents a state in which the sample shows a much stronger 
illuminating power than the others, although after a minute or 
so of bombardment it declines slightly in lustre. Intensity V 
indicates that the substance shows an illumination like that of 
IV, hut that the fatigue effects do not set in so markedly. 

Table I. 

EesuUs for Samples Heated for art Hour and a-half at 600®. 


First First Yellow- 


Substance added to 

re¬ 

X' J.AOU 

bright- 



ish- 

Inten¬ 


200 c.e. N-Zn. 

sponse. 

ness. Green. 

Blue, 

greon. 

sity. 

A. B. c. 

15 c.c. M/1000-Li .. 

7 

7 


10 


II 

^ + 

30 „ 

5 

5 

5 

10 


II 

* -h 

o c.c. iii/lOOO-K .. 

3 

0 

8 



II 

* 4" 

10 „ 

3 

i> 

6 

8 


II 

* p 

30 „ 

3 

0 

8 



11 


5 c.c. ii/lOOO-Rb .. 

4 

5 

5 

8 


it 

* . j. 

10 „ 

4 

5 


' 8 

5 

It 


ir> 

0 

7 

7 

8 


It 

^ .,j,„ 

30 „ 

4 

5 


8 

5 

II 


5 c.c. i¥/1000-Cs .. 

8 

9 

9 

12 


11 

*5( 

10 „ 

7 

8 

8 

12 


11 


IS ,, 

6 

7 

11 

12 


II 

sit 

30 ,, ,, 

5 

5 

5 

12 


II 

* "f 

5 e.e. JI/lOOO-Gl .. 

0 

6 

5 

8 


II 


10 „ 

5 

5 

3 

8 


II 


15 

5 

6 

5 

8 


II 

^ J- 

SO „ 

4 

5 

4 

8 


II 

..j. ‘ 

5 c.e. Jf/iOOO-Mg .. 

. 11 

H 

11 



I 


10 „ 

5 

5 

12 


11. 

I 

* 

15 „ 

7 

7 

11 



1 

* ..p 

SO ' 

5 

5 

11 

12 
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Tablb I, {cont/umed). 


IteHulls for iHanipleii Heated for an Hour and> a-half at 600'^. 



First 

First 



Yellow¬ 




Substance added to re- 

bright 



ish- Inteii- 




200 c.e. iV-Zn. 

sponse. 

ness. 

Grreen, 

Blue. 

green. sity. 

A. 

B. 

c. 

r» e.c. iW/IOOO-Ca 

... 7 

7 

7 

8 

II 


sjs 

+ 

10 „ 

... 0 

G 

6 

9 

II 

5}£ 

+ 

+ 

15 „ 

... 5 

G 

5 

8 

II 

Jf! 



:io „ 

... 4 

G 

4 

8 

II 


*+ 


5 e.c. M/lOOO-Sr 

... 8 

9 

8 

9 

II 



-1" 

10 „ 

... 7 

8 

9 

11 

II 


* 


15 „ 

... 5 

5 

9 

11 

II 




30 ,, 

... 5 

5 

9 

11 

II 

=1: 



5 c.o. iU/lOOO-Ba 

... 5 

6 

5 

9 

I 



+ 

10 „ 

... 5 

5 

5 

9 

I 


* 


15 „ 

... 4 

5 

4 

9 

I 



-f- 

30 „ 

... 4 

5 

4 

8 

I 

SK 


+ 

5 e.c. M/lOOO-Od 

... 5 

0 

8 

9 

I 

S{« 


+ 

10 „ 

... 4 

5 

5 

8 

I 

>N 

+ 


15 „ 

... 0 

G 

8 

9 

I 

+ 

* 


30 „ 

... 5 

5 

5 

8 

I 


*+ 


5 e.c. M/1000~Hff 

... 10 

11 


10 

I 



4-’*' 

10 „ 

... 0 

6 

11 

12 

I 




15 „ 

... 0 

G 

11 

12 

I 



sjt 

30 „ 

... 5 

5 

5 

11 

I 




5 c.c. M/IOOO-B 

... 6 

7 

6 

9 

II 


% 

+ 

10 „ 

... 5 

G 

5 

9 

II 



+ 

15 „ 

... 6 

7 

6 

9 

II 


sic 


30 „ 

5 

6 

5 

9 

II 




5 c.c. M/lOOO-Al 

... 5 

G 

5 

8 

II 


* 


10 „ 

... 4 

5 

4 

8 

II 




15 „ 

... 0 

G 

G 

8 

11 



"h 

30 „ 

... 5 

G 

5 

7 

11 


sfc 

-b 

5 c.c. A//IOOO.Y 

... 0 

0 

9 


JI 


* 

+ 

iO „ 

... 4 

5 

9 


il 


sjs 

+ 

15 „ 

... H 

9 



11 


sjc 


30 „ 

... 5 

5 

9 


n 




5 e.c. M/1000-La 

... 0 

7 

9 


G II 


* 


10 ,, 

... 4 

G 

11 


11 


ift 


15 ,, 

... 8 

8 

9 


G II 


♦ 


30 „ 

... 4 

6 

12 


XI 



+ 

6 c.c. ilf/lOOO-Tl 

... 8 

10 


9 

II 



sfe 

10 ,, 

... 5 

5 

9 

10 

II 


sft 


15 „ 

... 5 

5 

9 

10 

II 

* 



30 „ 

... 5 

5 

9 

10 

II 


sjc 


5 c.c. M/lOOO-In 

... ' 5 

6 

5 


II 



-b 

10 „ 

... 5 

6 

5 

9 

II 


* 


15 „ , „ 

... 0 

6 

6 

9 

II 


sK 

4 * 

30 ,, 

... 5 

6 

5 

9 

II 


JjC 

■f, 
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Table I. (contimied). 

Results for Sam/ples Heated for an Hour and adialf at 600 ^\ 


First First Yellow- 


kSiibstanee added to 

re- 

bright- 



ish" 

Inten¬ 




200 c.c. A/'-Zn. 

si)onse. 

ness. Green. 

Bine. 

green. 

sity. 

A. 

B. 

c. 

5 c.c. If/1000-C 

. 8 

8 

8 

10 


I 



+ 

10 „ 

. 5 

6 

6 

10 


I 

* 


+ 

15 „ 

. 7 

8 

7 

9 


I 



-H 


. 5 

G 

G 

9 


I 



5 c.c. ,M/1000-Si .. 

. 0 

8 

6 

9 


II 


* 


10 ,, 

. 5 

7 

5 

10 


TI 


s!« 

.j... 

15 „ 

. 5 

7 

5 

10 


1.1 




20 „ 

. 5 

7 

5 

10 


II 




5 e.c. M/1000-Ti 

.. 3 

5 

3 

7 


II 




10 ,, 

5 

5 

5 

7 


H 

* + 



15 „ 

,. 0 

5 

5 

9 


II 


-1- 


30 „ 

.. 5 

5 

5 

9 


II 

* 

+ 


5 o.c. iff/1000-Zr 

.. 6 

7 


8 


II 




10 „ 

.. 4 

5 

4 

8 


II 




15 „ 

.. 6 

7 


8 


II 




30 ,, ,, 

.. 4 

5 

4 

8 


11 

’H" 



5 0.0. If/1000-Ce . 

.. 5 

6 

5 

9 


II 


>i« 

+ 

10 „ 

.. 5 

G 

5 

9 


II 



15 „ 

.. G 

G 

6 

9 


II 




30 „ 

.. 5 

G 

5 

9 


II 




5 c.c. Af/lOOO-SB . 

.. 9 

10 

11 

11 


II 



+ 

10 „ 

.. 7 

7 

11 



II 




15 „ 

4 

5 

11 



11 


){« 

+ 

5 c.c. If/1000-Pb . 

.. »> 

5 

5 

8 


Tir. 


jj, ■ 

■I 

10 „ 

.. 5 

5 

5 

H 


Ill 




15 „ 

.. 4 

n 

4 

8 


in 



■f' 

30 „ 

.. 4 

n 

4 

7 


ni 




5 c.c, If/lOOO-Th . 

.. 5 

G 

7 

9 


ii 




10 „ 

.. 5 

() 

r» 

11 


'll 




15 „ 

.. 8 

9 


11 


11 . 




30 „ 

.. 5 

9 

5 

11 


n 




5 c.c. i¥/1000-N 

.. 5 

G 

5 

9 


m 




10 ,, 

.. 4 

G 

4 

9 


III 


»L 


15 „ 

.. 4 

G 

9 



in 




30 „ 

.. 5 

6 

5 

9 


III 




5 c.c. Af/1000-P . 

.. 3 

5 

9 

10 


III 




10 . ' „ 

.. 3 

5 

5 

0 


III 

Ht 



15 5, ,, 

.. 7 

9 

7 

9 


III 



+ 

30 y, „ . 

.. 3 

6 

9 

10 


III 

♦ 

+ 

5 c.c. If/iOOO-V . 

.. 4 

5 

4 

10 


II 




10 SJ y, 

.. 4 

5 

4 

10 


II 



* 

15 ,!» ,5 * 

.. 4 

5 

4 

10 


II 


.-1- 

♦ 

*'0 y, 

.. 5 

10 

6 

11 


II 
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Table I. {continued). 


lies'idts for Samples Heated for an Hoar and a-half at 600 °. 



First 

First 



Yellow 

. 



>Siibstance added to 

re- 

bright 



ish- 

Intan* 



200 c.c. iV-Zn. spouse. 

ness. 

Green, 

Blue. 

green. 

sity. 

A. B. 

0. 

5 c.c. M/iOOO-As ... 

5 

5 

5 

11 


II 

SiJ 

-L. 

10 „ 

5 

5 

5 

11 


II 



15 „ 

0 

7 

0 

11 


II 



20 „ 

6 

7 

G 

11 


II 



5 c.c. M/1000>Sb ... 

4 

5 

4 

10 


II 



10 „ 

6 

9 

6 

13 


II 

Jft 


15 „ 

4 

5 

4 

13 


II 

* 

+ 

20 „ 

4 

5 

4 

10 


II 



5 c.c. M/1000-Bi ... 

9 

9 


10 


II 



10 

4 

5 

4 

10 


II 

*0- 


15 „ 

5 

6 

5 

9 


II 


% 

30 

4 

5 

4 

10 


11 

tjc 


5 c.c. ikf/lOOO-Ci* ... 

8 

8 

8 

14 


I 


-j_ 

10 „ 

3 

6 

3 

15 


III 

+ 

»!« 

15 ,, 

f> 

10 

G 

14 


I 


*-J 

30 jj 

5 

7 

5 

14 


I 



6 c.o. ilf/lOOO-Ms ... 

5 

7 

5 

11 


I 


"h 

10 „ 

5 

5 

5 

11 


I 

% 

H- 

15 „ 

5 

a 

5 

11 


I 

»K 

-h 

30 „ 

5 

0 

5 

11 


I 


"h 

5 c.c, M/IOOO-W ... 

5 

5 

5 

11 


I 



10 » 

5 

5 

5 

11 


I 



15 „ 

7 

7 


11 


0 



30 „ 

8 

S 


11 


0 



5 c.c, JV//1000-U ... 

11 

12 

a 

14 


I 

3}S 


10 ,, 

0 

7 

G 

13 


I. 


*■ 

15 „ 

5 

5 

5 

U 


I 



30 ,, 

5 

5 

5 

14 


I 



5 c.c. M/U)00-8o ... 

4 

0 

4 

9 


IT. 

* 


10 „ . 

5 

5 

5 

8 


H 



15 „ 

5 

i) 

5 

9 


11 


-f 

30 „ 

5 

7 

r> 

9 


11 

SJ< 


5 c.c. ,M/1000-To ... 

5 

9 

5 

ll 


II 


-f 

10 „ 

3 

5 

3 

11 

5 

III 

* 


15 „ 

3 

5 

3 

11 

5 

n 


* 

30 „ 

3 

5 

3 

11 

5 

;ii 

* 


5 c.c. M/1000-Mn ... 

6 

5 

G 



II 


♦ 

10 „ 

5 

3 

0 



II 

* 

*4- 

15 j , , ]i ... 

5 

3 

r> 



II 

^ + 


30 „ 

4 

3 



4 

11 

* 

-0 

5 c.c. M/1000»Br ... 

8 

8 


20 

8 

I 

* , 


10 ■ )»> yj ••• 

8 

10 

8 

20 


I 

* 

+ 

15 „ 

7 

8 

7 

20 


I 

* 

H- 

30 yy 

5 

6 

5 

20 


I 

♦ 








E 

B* 2 











674 


MACBOUaALL, SMWAET, AND WETBHT : 


Table I. (continued). 

Eesnlt,^ for Samples Heated for an Hour and adutlj at 


Substance added to 
200 c.e. N~Zn. 

5 c.e. M/IOOO-I .. 
10 „ 

15 „ 

SO „ 

5 c.c. M/lOOO-Fo . 
10 

15 „ 

30 „ 


5 c.c. i¥/1000-Co ... 12 
10 „ » ... 13 

5 c.c. i¥/1000-Ni ... 6 

10 „ „ ... 5 

15 „ „ ... 5 

30 „ ,* ... 15^ 

5 c.c. M/lOOO-Ru ... 6 


spouse, ness. Green. Blue. 


Yellow¬ 
ish- Inten- 
green. sity. A. 
II 
II 

0 II 
II 


5 c.c. ¥/1000-Rh ... 
10 ,, 

15 ,, 5!» ... 

30 „ 

5 c.c, ii/lOOO-Pd... 
10 „ 

15 „ 

5 c.e. ii/lOOO-Os ... 
10 „ 

15 „ 

30 ,, 

5 c.c, il//1000-x4g ... 
10 „ 

15 „ 

30 „ 

5 c.e. 3f/1000-Ta... 
10 ,, 

15 

30 „ 


In tke following samples, 30 c.c. of M/lOOOdinpnrity were added 
to 200 c.c. of If-zinc, and tlie sample was heated for half an hour 
at the temperature mentioned. 




PJIOSPHORBSOISNT ZINC SULPillDE* 675 


Table II. 



First 

First 



Yellow 





Tainporatiiro mi d 

ro- 

bright- 



ish- 

In ten- 



impurity. 

sponso. 

ness. 

Green. 

Blue. 

green. 

sity. 

A. 

B. 

C. 

*600-650“ . 

. 5 

6 

5 

7 


11 




650-700° . 

2 

5 

2 

7 


II 




700-750° . 

2 

5 

2 

7 


IV 

* -i- 



750-800° .. 

2 

5 

2 


6 

V 

*+ 



800-950° . 

. 4 

6 

4 


6 

III 




V 650-700° . 

. 4 

4 

4 

6 


1 




700-750° . 

. 1 

4 

1 

6 


II 

“h 

* 


750-800° .. 

. 1 

5 

6 

8 


IV 




800-850° . 

. 1 

5 


8 

1 

IV 




Ti 600-650° . 

. 6 

6 

6 

8 


u: 


■'H- 


650-700° . 

. 8 

7 

3 

8 


II 


-f" 


700-750° . 

. 8 

7 

8 

9 


IV 




750-800° . 

. 7 

7 



7 

■JV 




Au (i50-700° . 

. 8 

5 

5 

8 


IV 




750-800" . 

. 8 

5 

5 


7 

111 




Zr 600-650° . 

. 5 

5 


6 


11 




650-700° . 

. 1 

4 

5 



Hi 




700-750° . 

. 1 

4 

1 



IV 




750-800° . 

. 3 

5 

8 


5 

HI 

^ „j... 



Th 600-650° . 

. 5 

6 

5 

6 


11 




650-700° . 

. 1 

6 

6 

9 


III 




700-750° . 

2 

() 

6 



IV 

* -]■ 



750-800° . 

. 5 

6 

7 



III 




Zr 600-650“ . 

. 5 

5 

5 

6 


II 



”r 

& 650-700° . 

. 2 

5 

7 



III 




Mn 700-750" . 

. 1 

5 

6 



V 

* 



750-800" . 

. 4 

6 



4 

IV 

+ 



Zr 600-650° . 

. 4 

5 

4 

6 

5 

II 

sje 



&; 650-700° . 

. 4: 

5 

4 

6 

5 

il 




Ti 700-750° . 

. 8 

5 

6 


5 

IV 




750-800° . 

. 4. 

5 

5 


6 

V 




Mil 600-650° . 

5 

6 

5 



II 




650-700° . 

. 5 

5 

5 



II 


♦ 

"{■ 

700-750° . 

. 1 

5 

1 


8 

IV 

*-{-™ 



750-800° . 

. 1 

5 

1 



IV 

* 

+ 


800-850° . 

. 2 

6 

2 


6 

IV 

♦ 

-f 


850-900° . 

. 2 

5 

2 



III 


■T 


900-950° .. 

. 2 

4 




III 





*** To these five samples no impurity was added except sodium chloride. 


We have given no measurements made with radium for two 
reasons. In the first place, owing to the use of radium paint at 
the present time for military purposes, it seems undesirable to offer 
any such results just now. Secondly, we did not ,carry out such 
complete measurements with radium as we did with other sources 
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of energy. It is desirable to state, however, that the results 
obtained with radium do not in any way concord with those 
observed with light, etc., although our earlier investigations led 
us to believe that there was a close similarity in effect between 
the response of zinc sulphide to radium and to light. Fuller 
examinatioia of the material at our disposal has shown us, how¬ 
ever, that there is no parallelism between the two actions. The 
effect of the a-particle bombardment is apparently quite incapable 
of being predicted from the results obtained from other sources 
of excitation. 

As it may assist others who are working in this region of the 
subject, we may mention two methods whereby the influence of 
radioactive materials on phosphorescence may be tested •without 
loss of the radioactive substance. The first of these, which was 
devised by the late Sir William Hamsay, consists in coating one 
side of a microscope cover-glass with a known quantity of radium, 
covering this with a protective film, and then placing the cover- 
glass (radium side downwards) on the surface of the preparation 
to be examined. The resulting illumination is observed through 
the cover-glass, and by using cover-glasses of equal surfaces on 
which different quantities of radium have been deposited, a rough 
estimation may be made of the relative luminosities of two samples 
of zinc sulphide. The method of preparing the cover-glasses is 
simply to allow a fixed number of drops of a solution of a radium 
salt of a known strength to fall on the cover-glass surface, then 
heat the glass in an oven until the water evaporates, taking care 
to see that an even deposition results. When the film is dry, it is 
covered with a thin film of “ dope or of collodion, which has 
little effect on the radiation. 

In order to estimate the effect of a-rays, apart from the other 
constituents of the Becquerel rays, the following method may 1:)6 
employed, for which we are indebted to Dr. A. Fleck. A quill 
tube of glass is sealed at one end, and into it are introduced 
various samples of sulphide which it is desired to compare. Each 
sample is loosely packed, and is separated from its neighbours by 
a loose wad of cotton-wool. The tube is then pumped out a-iid 
^ niton is introduced into it; the free end is then sealed. In this 
way, a rapid estimate of the effect of the a-ray may be obtained. 

. VIII. The Influence on Fhosphofescence Produced hy Impuri¬ 
ties in Large Quantities. —Hitherto we have dealt with the effects 
produced by impurities present in extremely' small quantities, but 
it seemed necessary to examine also the results obtained when 
much greater quantities of impurities were added to the zinc 
sulphide. It has been well known for a considerable time that 
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zinc siilpliide coiitainnig an admixture of sodium cliloride gave 
rekilts very miicli superior to tliose observed wlieii pure zinc 
sulphide was employed. In the ordinary method of preparing 
zinc sulphide (precipitation of ammoniacal zinc solutions), it is 
clear that the unwashed precipitate must contain a considerable 
amount of adherent or occluded ammonium chloride, so that in 
the experiments described above it is clear that our specimens 
before heating must have been mixed with the chlorides of sodium 
and ammonium. In order to determine whether the presence of 
these compounds had any effect on the ultimate product, we 
examined a series of samples in the following manner. The pre¬ 
cipitation, drying, and powdering were carried out as usual, and 
then each sample was divided into two parts. One of these-was 
thoroughly washed to remove any soluble impurity, whilst the 
other was left untreated. Both samples were then heated along¬ 
side each other in the furnace, and it was found that whilst the 
unwashed ’’ sample gave the usual result, the washed sample 
lagged much behind it in phosphorescing power. From this it 
follows that the presence of the two impurities had a considerable 
effect on the phosphorescence of the final product. To make sure 
of this point, we prepared fresh samples of zinc sulphide, pre¬ 
cipitated and dried as before. Each sample was then washed 
thoroughly with water to remove the impurities, and the washed 
precipitate was divided into two parts. One part was left with¬ 
out further treatment, whilst the other was soaked for a time in 
a solution of sodium chloride. Both were then dried in the same 
oven and heated side by side in the same furnace. It was found 
that the washed sample gave a much feebler phosphorescence 
than the other which had been again rendered impure, from which 
it must be deduced that the presence of sodium chloride has a con¬ 
siderable influence on the production of phosphorescence. Similar 
results were obtained by mixing the washed material with 
ammonium chloride, but the resulting compounds were not so good 
as those made with sodium chloride. 

Now when zinc sulj^hide is heated to a high temperature in the 
presence of sodium chloride, it is natural to expect that inter¬ 
action between the two compounds will take place, resiiltiiig in the 
formation of zinc chloride and sodium sulphide. That this view 
is correct was shown to us by the emission of fumes of zinc chloride 
from the electric furnace while these samples were being heated, 
and also by the deliquescent nature of several samples which had 
not been heated high enough to cause the complete volatilisation 
of the zinc chloride. This suggested to us that the presence of 
zinc chloride is to some extent necessary during the heating ^ of the 
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material if good phosphorescent samples are to be obtainecL It 
then occurred to us that this was sufficient to explain the results 
mentioned in Section IV., when we found that precipitation in 
presence of excess of zinc chloride gave good results, whilst pre¬ 
cipitation in presence of excess of ammonium sulphide gave much 
feebler preparations. In the former case, a certain amount of 
zinc chloride will adhere to the sulphide, which cannot happen in 
the second case. 

In order to test this point more rigidly, we prepared a solution 
of zinc acetate and used it as a source of zinc sulphide, thus 
excluding the presence of any chloride. These sulphide samples 
sliow'ed very poor phosphorescence, a fact which seems to 
strengthen our views. 

It will be recalled that in an earlier section of this paper the 
rough rule was given that an impurity giving rise to a black 
sulphide was deleterious in its effect on the phosphorescence, but 
that there were exceptions to this rule. The following will make 
the point clearer. When an Af-zinc solution containing M /100 of 
a bismuth salt and 15 grams per litre of sodium chloride is pre¬ 
cipitated with half the requisite amount of ammonium sulphide 
necessary to bring down all the zinc, the precipitate is dark grey, 
and when dry is almost brown. When heated at 800° for an hour, 
this material yields beautiful specimens of clear yellow zinc 
sulphide which show a fair amount of phosphorescence, although 
not so good as many samples which were obtained by other 
methods. The reason of this obviously lies in the fact that the 
bismuth sulphide, in the presence of excess of sodium chloride, 
forms bismuth chloride, which is volatilised away during the 
process of heating. None the less, it has some action on the end- 
product. This leads to the conclusion that phosphorescent power 
is connected in some way with a physical state, and not so markedly 
with chemical change. In volatilising from the inside of the 
particles of the zinc sulphide precipitate, the bismuth chloride may 
have broken them up into small aggregates, and its influence may 
have been due to this cause. The volatilisation of zinc chloride 
from a preparation would have a similar effect. We do not wish 
to lay too much stress on this point, as it requires further 
investigation, but it seems to deserve notice, as it points to the 
fact that the influence of an impurity may not necessarily depend 
on its presence throughout the whole course of the preparation. 

We have already directed attention to the fact that the best 
samples of phosphorescent zinc sulphide' were those which exhibited 
a semi-crystalline structure under the microscope, so that there 
appears to be little doubt that' there is an intimate connexion 
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between physical state and power of showing phosphorescence after 
excitation by light. 

With regard to the colour effects produced by the admixture of 
small quantities of impurities, these are, generally speaking, very 
feeble. Only in , the case of mangaiiese is there a really marked 
change in the tint. We have been able to confirm the observa¬ 
tion of Hofmann and Ducca (Ber., 1904, 37, 3407) that ^iiic 
sulphide, prepared from a solution containing i¥-zinc, 15 grams of 
sodium chloride per litre, and If/100 of a manganese salt, shines 
with a beautiful orange-golden tint, and also that this kind of 
zinc sulphide exhibits a most striking tribolurainescence. In the 
latter property it far exceeds anything which we have seen in this 
field, and might almost he capable of utilisation as a lecture 
experiment. 

As to the effect of temperature on the colour of zinc sulphide, 
we find that specimens which have been prepared at 650° are blue 
in phosphorescence, whilst high temperatures lead to greens and 
even yellows. 

Another point which seems tO‘ indicate that physical condition 
is an important factor in conditioning phosphorescence is found 
ill the following facts. A specimen of strongly phosphorescent 
zinc sulphide was washed with water and carefully dried. When 
its phosphorescent power was compared with that of the untreated 
material, it was found that the washing process had greatly 
decreased the brilliancy of the phosphorescence. Similar results 
were observed when 90 per cent, alcohol was used instead of water, 
although in this case the diminution in the activity of the sample 
was much less than in the case of water. Washing with ether 
appears to have less influence even than when alcohol is used. 
The ether employed was not absolutely dry. 

This suggests that phosphorescent zinc sulphide contains some 
material soluble in water and alcohol which increases the phos¬ 
phorescent power of the substance. Possibly the masses of zinc 
sulphide are covered with a layer of zinc chloride so thin that no 
appreciable deliquescence is noticeable, and this soluble material 
may be setting up a strain upon the enclosed sulphide which 
renders it more capable of showing anomalous effects when sub¬ 
jected to the action of light. The removal of the skin of foreign 
material by the action of water would release the strain, and hence 
cause a diminution of the phosphorescent power of the contained 
sulphide. 

In confirmation of this idea, the following fact may be quoted. 
When a stroiigl}’’ phosphorescent specimen of zinc sulphide is 
ground in a mortar, or even rubbed' well between the fingers, 



680 


MACBOUGALL, STEWART, AND WRIGHT : 


it loses a considerable portion of its pbospliorescing power.* Here 
again it is clear that any surface film would be broken up or 
cracked, and tbat the internal portion of tlie material would be 
released from strain. In any case, it is evident that tbe action 
must be a mecbanical one not concerned with tlie obemical nature 
of the sulphide. 

Some otlier points that have arisen during the work may be 
noted here. We have been able to confirm the statement of 
Becquexel and others with regard to the behaviour of zinc sulphide 
when cooled. If two specimens of the same sample are chosen, and 
one cooled in liquid air whilst the other is kept at the ordinary 
temperature, it is found that if they are simultaneously excited 
by a magnesium flash both of them will glow with almost equal 
brilliancy, but if the cooled sample is withdrawn from the liquid 
air, its phosphorescence increases in intensity as the temperature 
of the sample rises until at the ordinary temperatiu'e it much 
exceeds that of the uncooled sample. This phenomenon might also 
be brought into line with the idea of a foreign coating on the 
surface of the particles of sulphide, as diflerential cooling would 
increase the strain, and hence increase the anomalous light effect. 

Another observation made by us tends to show that this effect 
of temperature is a general one. In the course of taking samples 
from highly heated zinc sulphide in the electric furnace, we noted 
that if a sample were exposed to light while it was very hot, it 
did not appear to become sensitised to any extent. On cooling, it 
became capable of sensitisation, and glowed well in the dark after 
exposure to light. Further, if this still glowing sample were 
thrown back on the top of the remaining zinc sulphide in the hot 
crucible, it immediately phosphoresced brilliantly, although the 
light emission was only of brief duration. It therefore seems to 
be a general rule that substances at low temperatures can take in 
an extra store of light-energy, which they throw out rapidly as 
the temperature rises, the light-emission at temperatures of 800^ 
to 1000^ being a mere brilliant flash. 

Another point of interest is the phenomenon to which allusion 
has already been made, namely, the brilliant flash shown by certain 
specimens under the first impact of the cathode ray, and the sub¬ 
sequent fatiguing^' of the material so that the phosphorescence 
diminishes after the flash to a feebler glow. This flashing effect 
can be repeated at will by simply allowing the discharge to cease 
for a minute or two; on turning on the current again, the same 

The tribokiminescence of zinc sulphide with manganese also decreases 
With continued rubbing. At first mere pressure on the substance suffices 
to yield a flash, but soon hard grinding in a mortar is necessary. 
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process ol flash and fatigue is visible. The flash is in some cases 
quit© bright enough to throw a shadow in an ordinary room where 
no precautions have been taken to surronnd the apparatus with a 
screen. 

One further matter in connexion with the cathode discharge 
may b© mentioned. If the cathode ray is allowed to play upon 
a specimen of zinc sulphide for a few minutes, it is found, aftei 
the current is interrupted, that the surface of the material is dis¬ 
coloured; in some cases the original, nearly whit© sulphide becomes 
covered with a grey (or in some cases brown) film. So long as 
the specimen is kept in the cathode tube, even after being kept 
for a day, this tint remains fixed, but a few minutes' exposure to 
air suffices to bring it back to the original white or yellow colour 
of the sulphide. A similar effect is noticed in specimens of zinc 
sulphide which have been exposed to the influence of niton. 
Samples which originally weve clear lemon-yellow in tint become 
converted into brown or dove-coloured powders, and it was found 
that hand-in-hand with this change came an alteration in the tint 
of the phosphorescence itself. The original green hue gave place 
to a more blue light as the powder changed from yellow to a slate 
tint. Heating the material in the tube had no effect, so far as 
the x'estoration of the original colour: of the powder was concerned. 

Summarising the foregoing, the following points appear to be 
definitely established. Pure zinc sulphide prepared in various 
ways can be obtained in a phosphorescent condition. The addition 
of certain impurities has a marked effect in some cases, and this 
effect may take the form ol inhibiting the phosphorescence (as 
with iron) or altering its tint (as is the case with manganese). 
The presence of a chloride, whether it be zinc chloride or the 
chloride of some other element, has an advantageous influence. 
The factor which has the greatest influence, however, is the 
temperature to which the zinc sulphide is heated. This tempera¬ 
ture effect can be varied within limits; thus a sample heated for 
a very short time to a high temperature will give effects similar to 
those observed in another sample heated for a longer time at a 
lower temperature, provided that the lower temperature is not 
less than about Washing, rubbing, or disturbing the final 

product ill any way tends to dimirdsh its phosphorescent power. 
Amorphous sulphide does not phosphoresce, nor does purely 
crystalline sulphide show such good phosphorescence phenomena 
as samples which contain eemi-crystalline material. Specimens 
made from zinc salts not containing chlorides do not show such 
brilliant phosphorescence as those produced in the presence of 
chlorides. 



682 


MAODOUGALL, STEWAET^ AHD WEIGHT : 


With, regard to the iiltiiiiate cause of the phosphorescence of 
zinc sulphide, it is at present impossible to go further than the 
statement that the salt in some manner acts as a reservoir of 
energy which it can emit in the particular form of light vibra¬ 
tions, but the foregoing data appear to throw some light on the 
conditions governing the process. 

In the first place, the influence of temperature on the storing 
and emission process deserves attention. It may be taken as 
proved that the colder the zinc sulphide, the more energy it is in 
a condition to absorb, but this absorbed energy must have a short 
wave-length if it is to be converted into phosphorescence. Tliis is 
shown by the fact that a sample of sulphide cooled in liquid air 
in the dark does not emit light on being raised to the ordinary 
temperature unless it has already been sensitised by the action 
of light. Further, a specimen which is sensitised while at a, 
temperature of, say, 400'^, shows no phosphorescence to the eye, 
but if it is rapidly heated to 800^ it phosphoresces brilliantly, 
although transiently, evidently giving up its store of accumulated 
energy very rapidly at the higher temperature. A similar pheno¬ 
menon is noticeable in the case of the specimens cooled in liquid 
air; when they are taken out of the cooling vessel, their phosphor¬ 
escence becomes more and more brilliant, reaches a maximum, and 
then dies down quite appreciably. This suggests some analogy to 
the flash obtained in the case of the first application of the cathode 
discharge to certain specimens of zinc sulphide, and it may be 
possible that this flash is produced by the sudden local rise of 
temperature on the surface of the specimen, caused by the impact 
of the cathode discharge, which is known to give heating effects. 

These phenomena point to the- fact that phosphorescence is mucli 
influenced by physical conditions, and cannot be regarded as 
entirely due to the chemical nature of the phosphorophore. Other 
data give similar indications. Thus it has been established that 
the strongest phosphorescence is observed in specimens which are 
just on the border between the amorphous and crystalline condi¬ 
tions, and that this state can be attained either by heating for a 
very short period at a high temperature or for a longer time at 
lower temperatures. Again, the fact that washing diminishes the 
brilliancy of the phosphorescence in the final product points to 
the probability that some material is present which has a strong 
influence on the phenomenon. Since crushing, grinding, or 
rubbing of the final product also decreases its phosphorescent 
power, it seems reasonable to connect the two phenomena by the 
-assumption that the supposed impurity forms a skin over the 
particles of the sulphide, which ^ skin is removed by washing, or 
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cracked by grinding. If the power of phosphorescence were 
governed entirely by the cheinical character of the sulphide^ such 
phenomena would be inexplicable, but if it is assiiiiied that zinc 
sulphide alone possesses a feeble power of phosphorescence which 
can be enhanced by the operation of outside infliienceSj the whole 
series of data fall into line. 

With regard to the nature of this supposed impurity, the experi¬ 
ments given above throw some light on the problem. In the first 
place, it has been shown that the presence of sodium chloride 
during the preparation of the sulphide has a marked enhancing 
effect on the light-emission. Zinc chloride also assists the phos¬ 
phorescence of the final product. This indicates that the chloride 
ion may lie at the root of the matter, and this idea is confirmed 
by the observation that sulphides prepared from zinc solutions 
containing no chloride have much less phosphorescing power than 
those produced in the presence of chlorides, as well as by the fact 
that large quantities of ammonium chloride in the solution 
increase the light emission of the final product. It may be sug¬ 
gested that the action of the traces of chloride is of the following 
nature. When the impure sulphide is heated, the chloride reacts 
with it and produces a surface film of zinc chloride on the sulphide, 
and this film, on cooling, may contract and produce a strained 
condition of the material within the film. The effect of additional 
impurities would be to influence the fusibility of the sulphide and 
chloride, and it may be in this action that the main influence of 
the impurities is to be sought. In any case, it seems reasonable 
to deduce that this film is brittle and soluble in water, as other¬ 
wise it is impossible to account for the phenomena observed in 
washing or grinding of the phosphorescent sulphide. Only one 
fact is unaccounted for by this hypothesis, namely, the alteration 
in colour of the emitted light which is observed when manganese 
is used as an impurity. All other impurities influence the phos¬ 
phorescence tint but slightly, the range of colours extending from 
lemon tint to green and bluish-green, but in the case of manganese 
the emitted light is golden to orange, quite distinct from the usual 
appearance of zinc sulphide. In this case it is hard to avoid the 
conclusion that some chemical phenomenon must be concerned, 
but our experiments have thrown no light on its origin. 

In conclusion, we desire to thank Dr. A. Fleck, Dr. A. Scott, 
and Mr, D. N. MacArthur for the assistance they have kindly 
given us in some parts of the work. 

Th® Physical Chbmisthy Depabtmbnt, 

Glasoow Univkbsity. {Eecdved, Sum llth, 
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LX .—Salts of Thiocarhamide. 

By Augustus Edwarb Dixon. 

During th© prosecution of a certain researcli, some salts of tino' 
carbamide have been isolated. As very few of such coiupoiiiKls 
appear to be known, except tlie nitrate (Emerson Reynolds, Joivn^. 
(Jhem, Soc.^ 1869, 22, 5) and the hydrochloride (Stevens, T., 1908, 
81, 80), mention may be made of those now obtained. 

From the fact that the solubility of thiocarbamicle in water is 
enhanced by the presence of strong acids, it is evident that salts 
are formed in solution. They are, however, markedly hydrolysed, 
and since, as a rule, they are freely soluble, whilst the parent base 
requires for dissolution at the ordinary temperature about nine 
times its own weight of water, their isolation in the presence of 
this solvent is frequently impracticable. 


’ Thiocarhamide Hydrochloride, 

To what Stevens (loc. cit,) lias recorded in connexion with this 
substance, the following may be added. 

Of the ready formed salt, 1*48 parts ( = 1 part of thiocarbainide) 
required for dissolution 6*65 parts of water. When allowed to 
evaporate, the solution at first deposited tliiocarbamide alone, this 
being accompanied later, when the bulk had considerably dirniiu 
islied, by crystals of the hydrochloride. 

Also-, when 1 part of thiocaihamide was treated witli a prepared 
solution of bydrochloric acid (really 0*5 per cent, weaker than hiul 
])een intended) dissolution required 7*15 parts, consisting ol’ 0*45 
part of hydrogen chloride and 6*7 parts of water. Tims, in the 
direct and in the reversed experiments, the- eiid-systems were 
respectively: 

(i) CSN2H4:HCl:a,O-:l:0*48:6*65 and 

(ii) CSN2H4:HCi:H2O = l:0*48:6'70. 

Obviously, these two were alike, the trifling excess of water in (ii) 
corresponding with the deficiency of liydroge-n chloride in the pre¬ 
pared solution of hydrochloric acid; the action, therefore, is 
reversible. 

By operating as follows, a 75 per cent, yield may he obtained of a 
salt that is practically pure. To every'10 grams of thiocarbamid© 
9 c.c. are added of ordinary concentrated hydrochloric acid (D, 1*16); 
the thiocarhamide is dissolved by warming the mixture, and hydro¬ 
gen chloride is passed in until distinct fuming is perceptible (during 
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tlie operation, a little 'hydrogen sulphide escapes). To prevent 
‘‘setting;’' the solution, as it cools, should be well stirred; the 
crystals are now powdered if necessary, drained as far as possible 
by the aid of the pump, thoroughly washed with chloroform, pressed 
in folds of bibulous paper, and dried over sulphuric acid. Analysis 
of two different preparations gave: 

Found: IiCl = 32'40, 32‘61. After recrystallisatioii from hydro¬ 
chloric acid, 32’36. 

CH.jN 2S,HC1 requires HC1 = 32*44 per cent. 

It is possible, by reducing the proportion of concentrated hydro¬ 
chloric acid, to increase the yield still further, but this is not desir¬ 
able, for even with 8 c.c. per 10 grams of base the liquid, on cooling, 
sets to a mass so hard that it cannot easily be freed from the 
mother liquor, 

In a dry atmosphere, at the ordinary pressure, the salt undergoes 
little change; a specimen kept for thirteen months over sulphuric 
acid was found at the end of that time to have lost only 0*7 per 
cent, of hydrogen chloride. At 15^ it is twice as soluble as thio- 
carbamide, 1 part of the salt requiring about 4*5 parts of water-; 
the solution, however, contains much of the total base as free thio- 
carbamide. Curiously, it is less soluble than the nitrate, this seem¬ 
ing paradox depending on the fact that it is more hydrolysed than 
the latter; hence, a larger amount of water is necessary to dissolve 
the resultant free thiocarbamide. 

Fusion, which took place at about 136—137^, with the evolution 
of a trace of gas, was preceded by distinct softening; after recrystal¬ 
lisation from highly concentrated hydrochloric acid, the same 
])ehaviour was shown, except that the melting point was now 
135—136°. Ko sign of change was perceptible when the salt was 
put into the apparatus at 103°. 

Stevens found the substance to be fusible below 100°. To remove 
the mechanically adherent acid, he had washed the ciystals with 
alcohol, a procedure likely to cause hydrolysis. On this point the 
following experiment was made: a quantity of the salt, having a 
primary melting point of 136—137°, was washed very rapidly, by 
the aid of the pump, with just enough strong alcohol to cover it; a 
portion, *4, of the residue having been withdrawn, the remainder 
was again rapidly washed as before, leaving a twice washed mate¬ 
rial, the duration of each washing being about five seconds. 
Portion A softened gradually from 60° on, changing at 75° to an 
opaque paste which, by 112°, was transparent,; portion i?, placed in 
the apparatus at 85°, melted at once to a turbid liquid, becoming 
clear at 98°. Although the melting point is so strongly affected, 
the extC’iit of hydrolysis caused by rapid washing cannot be very 
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great; for Steven^s, wlio made several analyses, ol)taiiie<'l quite satis 
factory figures. 

Another portion of the salt was heated at the fusion ieinpcra.- 
tiire for iialf-an~liour. The escaping gas consisted of hydrogen 
chloride, with a trace of hydrogen sulphide^; the residue, entirely 
soluble in water, consisted principally of free thiocarbamide, together 
with a little unchanged hydrochloride and enough aniinoniurn tliio- 
cyaiiate (see Reynolds and Werner, T., 1903, 83, 4) to give a well- 
marked reddening with ferric chloride. No indication was 
detected in the residue of the presence of an iiniiio-base, 
NHyC(:NH)»SH, 

Although tliiocarbamide is a diacidic base, yielding (see below) 
the salts and CSN.H4,1120004, no Widence has 

been found that it can afford corresponding salts with monobasic 
acids; for example, the dihydrochloride, CSN2H4,2HC1, is not pro¬ 
ducible—or, at all events, was not detected—even in the presence of 
a large excess of free hydrogen chloride. On the other hand, no 
sulphate, (CSN2H4)2,H2S04, could be isolated. 


Thiocarhamide and Sulphuric Acid. 

When sulphuric acid was mixed with a saturated solution of 
tliiocarbamide in acetone, a colourless oil was precijiitated, chang¬ 
ing, when kept over sulphuric acid in a vacuum, to a white, crystal¬ 
line substance, rapidly attracting moisture from the air, 

Round (by titration): 112804 = 55'0. 

CH4N2S,H2S04 requires 112804 = 56*3 per cent. 

This rather low figure was the best obtained, other preparations 
giving lower values, the lowest of wliich was about 52 per cent. 

When thiocarbainide was treated with enougli 98 per cent, siil’ 
phuric acid to afford 1 molecular proportion of the acid, the base 
soon dissolved, yielding a syrup, possibly the solution of the salt in 
the small quantity of water present. This was at 20®; on cooling to 
9®, tlie syrup changed to a white solid. 

Thiocarbainide sulphate is soluble in glacial acetic acid, from 
which it is precipitated by acetone or by chloroform in oily droplets, 
which presently crystallise. 

Thiocarh amide Nitrate. 

Between the solubility of ready-formed tliiocarbamide nitrate in 
water and that of thiocarbamide in a dilute nitric acid having 
about the concentration calculated from that solubility a disagree¬ 
ment was found, nlie weights of water (for 1 part of tliiocarbamide) 
being 6*8 parts and 6*3 parts respectively. The variance is probably 
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due to a ])arfcial oxidation of the salt, during the process of drying, 
into tl'ie diiiitrate of formamidine disulphide, C2S2N4Hjs,2HNO;j, a 
sparingly soluble compound, which decomposes ratlier easily, with 
til© production of free sulphur. The nitric acid used in preparing 
the nitrate was previously swept by a current of air, and in these 
circumstances the salt—except as mentioned above—seemed toler¬ 
ably stable. Curiously enough, when the nitric acid was previously 
boiled with carbamide, to remove every trace of nitrous acid, the 
nitrate prepared from it, as soon as it became dry in the desiccator, 
exploded. Emerson Reynolds, the first to produce thiocarbamide 
and its nitrate {lac. eit.), records the tendency of the latter to de¬ 
compose spontaneously, or even to explode. 

Thioairhdtnide (uid 0italic Add. 

By reason of the sparing solubility of both substances in cold 
water, it could be foreseen that hydrolysis would defeat the isola¬ 
tion of any but a nearly insoluble salt; and when cold, saturated 
solutions were mixed and evaporated, this proved to be the case. 
A mixture of oxalic acid and thiocarbamide, in molecular propor¬ 
tions, was dissolved in the minimum amount of hot water; from 
this also, on cooling, a mixture- of the components was deposited. 

No better result was obtained by evaporating a cold solution in 
acetone-. But when molecular proportions of thiocarbamide and 
of crystallised oxalic acid were- together dissolved in about the 
minimum quantity of boiling acetone, a solid separated on cooling; 
when recrystallised from acetone, nearly saturated, in the cold, 
witl'i oxalic acid, it formed small, white prisms melting at 73—74° 
and consisting of the anhydrous oxalate-. 

Found: 

CH 4 N 2 S,H 2 C 204 requires 1120204 = 54*21 per cent. 

Acetic acid behaving for all practical purposes as a simple solvent 
of iiiiocarbaniide, the idea occurred of using the former as a 
veliich; in which to present anotlier acid for combination. On 
experiment, it proved that some salts are producible in this way; 
for example, when crystallised oxalic acid and thiocarbamide were 
together dissolved in the hot acid, the solution, as it cooled, de¬ 
posited rosettes of ne-arly white, opaque prisms which were recrystal¬ 
lised from dry acetone. (Found, H 2 C 204 = 54*27 per cent.) 

Thioc(trhawide atul TrUdilotoafa^Pic Ackl. 

A mixture of the constituents, in molecular proportion, was dis¬ 
solved in about lialf its own weight of hot water, the solution, when 
cool, remaining cjear. Chloroform was then added, to incipient 
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tiirbidiiy, and the turbidity dispelled by gentle warmth; on cool- 
iiigj loiigj woolly-looking needles began to separate, changing, when 
tlie mixture was stirred, to'^short, wdiite prisms, which were tlior- 
ouglily washed with chloroform. The yield amounted to 64 per 
cent, of the theoretical, and the mother liquor gave a further crop. 
The salt was analysed by titration with alkali. 

Found: aiIOoCl3-68-6. 

CH4NoS,C2HOoCl3 requires C2IIOXI3- 68-3 per cent. 

In aqueous solution, tlie compound gave the reactions of thio“ 
carbainideq with lead acetate, it yielded no precipitate, and hence 
wa.s not a Iiydrochloride. 


Thiocarhamide and Monochloroacciic A vmI. 

Attempts to obtain a salt of these, by the use of glacial acetic 
acid, first at the boiling point and next at 60 °, were unsuccessful, 
the respective products being isothiohydantoin hydrochloride and 
the hydrochloride of i^otiiioliydantoic acid (the latter is isomeric 
with thiocarbamide monochloroacetate). Bay and Fernandes’s 
observation (T., 1914 , 105 , 2160 ) was confirmed, that isothioliydan- 
toic acid hydrochloride is produced when a mixture of moiiochloro- 
acetic acid and thiocarbamide, in acetone solution, is kept for 
twenty-four hours at the ordinary temperature. 


Thiocarhamide and Picric Add. 

When to a hot concentrated solution of picric acid in 
glacial acetic acid 1 molecular proportion of thiocax'bainide was 
added, the latter dissolved, communicating to the solution a deep 
orange colour. On cooling, long prisms separated, resenibling mono¬ 
clinic sulphur in colour and in appearance; by dissolution in water, 
or even in hot acetone, the compound was resolved into its com¬ 
ponents. 

Found: S = 10 * 7 . 

CB[4N2S,CcH307]Sr3 requires SWIG'S per cent. 

On heating, the picrate ^ first became dark browiiish-red,, and 
then melted, without deflagration. 

Attempts to combine thiocarbamide, in the presence of water, 
with chloric, perchloric, silicofluoric, ortliophosplioric, or meta|)]ios^ 
plioric acid led to mo decisive results; nor could a salt he obtained 
of phthalic, salicylic, tartaric, or dichloroacetic acid. In the last- 
named case an old observation (Dixon, T., 1893 , 63 , 816 ) was con¬ 
firmed/namely, that thiocarbamide, with dichloroacetic acid, yields 
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?:,sv)il'iioliydaiitoiii liydrochloride—it is a curious reaction, and seems 
to merit fiirtlier study. 

Regarding tlie configuration of tlie additive compounds, produced 
from free acids., HX, and tliiocarbamide> it is more than difficult to 
arrive at any precisei judgment. In i3ractically all cases where a 
compound, RX, unites additively with thiocarhamide, and the posi¬ 
tion of the more electropositive fraction, R, can be ascertained, the 
latter proves to be conjoined with the sulphur atom. Since this 
applies both to alkyl haloids and to acyl haloids, it may reasonably 
be supposed to hold also for hydrogen haloids and for free acids 
generally; in other words, the salt probably contains the SH-com- 
plex. Moreover, on the dissolution of thiocarbamide in acids, 
hydrogen sulphide is commonly disengaged, this phenomenon occur¬ 
ring not alone with the strong mineral acids, but also with feeble 
organic acids. 

As to what becomes of the other radicle, X, we have at present 
no real knowledge. If it, too, combines with the sulphur, the 

product is a kind of suljrhonium salt, ^ 

to the carbon atom, the result is (NH2)20X*SE[ (ii); if somehow, 
in the long run, to the nitrogen atom, an ammonium salt must be 
formed, that is, XNH3*C(*.NH)‘S’H (hi), or a tautomeride. Form 
(ii), one may judge, is rather possible than probable; but, between 
(i) and (iii), so far as the author is aware, there are no facts yet 
known on which a decision may safely rest. 

With a view to learn if (iii) is warrantable, the idea occurred of 
trying whether thiocarbamide thiocyanate (presumably 

CSN2H4,HSCN) 

would undergo by heat the isomeric rearrangement, characteristic 
of primary ammonium thiocyanates, thus: 

hS“C(:nh)*nh3*scn hs*c(:nh)«nh-cs*nHo. 

Here, a positive result would be decisive in favour of (iii). The 
accomplishment of tlie experiment has been defeated by an unfore¬ 
seen impediment; in no way tried could the salt be prepared. 
Anhydrous thiocyanic acid was not employed, but, as an appiyxi- 
matioii, a hot, nearly saturated solution of barium thiocyanate in 
water (in which the salt is exceedingly soluble) was treated with 
one equivalent of thiocai'bamide sulphate. From the filtered 
liquor notliing separated on cooling or on the addition of acetone; 
on spontaneous evaporation, thiocyanic acid escaped, the crystal¬ 
line residue consisting merely of impure thiocarbamide. These 
failures were unexpected, because, from the properties of its salts, 



690 


dhab: catalysis, pabt hi. 


one might suppose tliiocyanic acid to resemble the strongest of the 
mineral acids. 

Ivrail, also, lias recorded (T., 1913 , 103, 1383) the failure of all 
attempts to produce thiocarbamide thiocyanate; as he gives no 
indication of the methods employed, it is uncertain how far these 
Avere alike or different in the two cases of independent endeavour. 

Chemistry Department, 

University College, 

Cork. {Received^ May 31^^, 1917„] 


LX[.— Catalysis* Part III. Some Induced 
Reactions. 

By Filratan Dhar. 

When an aqueous solution of mercuric chloride is boiled with oxalic 
acid, there is no reduction of the- mercuric chloride to the mercur¬ 
ous state; but, as is well known, this mixture of mercuric chloride 
and oxalic acid decomposes at the ordinary temperature in sunlight 
according to the equation : 

2 HgClo + HoaA = 2KgCi + 2 HC 1 +• 2 COo. 

The same change, however, takes place in the dark, as the author 
has observed, if a drop of a i\^/10-soliition of potassium permangan¬ 
ate is first added to the mixture; as soon as the colour of the per¬ 
manganate is discharged, mercurous chloride begins to separate 
out. 

This phenomenon appears to be of general occurrence. Thus the 
reduction of mercuric chloride and bromide by oxalic acid, tartaric 
acid, citric acid, malonic acid, malic acid, glycollic acid, lactic 
acid, hydroxyiamine hydrochloride, hydrazine hydrochloride, etc., 
the reduction of gold chloride by several reducing agents, the reduc¬ 
tion of silver nitrate, cupric chloride, and selenious acid (to selen¬ 
ium) by various organic acids, etc., are promoted by the addition 
of such oxidising agents as potassium permanganate, potassium per* 
siiIpFiate, manganese dioxide, potassium nitrite, hydrogen peroxide, 
etc. 

The experimental study of these induced reactions, as described 
below, shows that the effect is most marked in those cases which 
are sensitive to light. 

Eor Parts I and II, see Proc, K. Akctd, Wetensch., Amsterdam^ 18, 
1084, 1097. 
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E X P K n f M E N 'P A h. 

Ill tlie majority of instances the materials used had been ob¬ 
tained from Kalilbaum, and in many cases they were recrystallised. 

Measured volumes of the solutions were mixed and made up in 
every case to 100 c.c.; the mixtures then transferred to small 
Erlenmeyer flasks, and these were placed in a thermostat at a con¬ 
stant temperature. When sufficient time, as established by pre¬ 
liminary experiments, had been allowed for the completion of the 
reaction, the mercurous chloride formed was collected in a Gooch 
crucible and washed. The crucible was then heated at 105 *^ in an 
air-oven until a constant weight was obtained. 

According to the customary nomenclature (Luther and Scliilow, 
Zeitsch, fhys'ikciL Gliem., 1903 , 46 , 777 ), the substance which 
induces the chemical change is known as the inductor ” (for ex¬ 
ample, potassium permanganate), the substance which takes part 
in both the changes is called the ‘‘'actor ” (for example, oxalic acid), 
and the third substance is the acceptor ” (for example, mercuric 
chloride). 

A, Oxalic Acid and Mercuric Chloride with Various Oxidising 
Agents as Inductors. 

(1) Inductor-^Fotassium Persuljihate .—Oxalic acid is slowly oxi¬ 
dised by potassium persulphate according to the equation: 

KaSoOg + H2C2O4 = 2CO2 + 2KHSO4. 

The mixtures, to which varying quantities of potassium persulphate 
were added, contained in each case 25 c.c. of iY/lO-oxalic acid and 
20 c.c. of iY/lO-mercurie chloride, and the experiments were carried 
out at 100*^: 


0*0104 gram 

K2S20g gave 0*0248 gram HgCL 

0*0235 


KaSyOa 

11 

0*0555 

11 

HgCl. 

0*0306 

,, 

KgSaOg 

11 

0*0674 

11 

HgCl. 

0*0585 

V 

K^SoOg 

17 

0*1937 

11 

HgCl. 

0*0694 

5J 

Ls“„08 

11 

0*2007 

11 

HgCl. 

0*0912 

J? 


11 

0*2076 

11 

HgCl. 

0*1303 

) J 

KsS^Os 

11 

0*2080 

1) 

HgCl. 

0*1884 

J? 

KoS.Os 

11 

0*2266 

11 

HgCl. 

0*2381 

J? 

LsoOg 

11 

0*1888 

» 

HgCl. 

0*3303 


K,S,0« 

1* 

0*1464 

11 

HgCl. 

0*4208 


K^SoOg 

11 

0*1143 

11 

HgCl. 

0*5539 

71 

k"sa 

11 

0*0720 

11 

HgCl. 

0*6549 

0 

K<,S .03 

11 

0*0280 

11 

HgCl. 
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As sliowii by the figures in the foregoing table, the aiuouiit of 
inercnroiis chloride formed increases to a iiiaxiinuiii aiul i.heii falls 
0 ‘f! with the increase in the persulphate concentration. 

Oxalates may be used instead of oxalic acid. Amiiioniiim oxalate 
and mercuric chloride, when boiled, give a slight precipitate of mer¬ 
curous chloride, but if a small crystal of potassium persulphate is 
first added, a copious precipitate is obtained. 

(2) Indiictor^-^Manganese Bioxide .—The manganese dioxide used 
ill these experiments was obtained by allowing potassium perman¬ 
ganate to act on manganese sulphate in the presence of an excess 
of potassium or sodium, nitrate; the precipitate produced consists 
of pure hydrated manganese dioxide. A weighed amount o,f tliis 
substance when air-dried was heated with a known volume of 
standard oxalic acid, containing sulphuric acid. A part of the 
oxalic acid was oxidised by manganese dioxide, whilst the excess 
was titrated with standard permanganate. In this way, the amount 
of hydration was determined, and in the following tables the calcu¬ 
lated amounts of the anhydrous substance are given. 

Each mixture contained 50 c.c. of iT/lO-oxalic acid and 20 c.c. of 
A / lO-mercuric chloride: 


Mn 02 added. 
Gram, 
at r 0-0108 
25® 4 0-0225 
[ 0-0269 


at r 0-0114 
100®4 0-0145 
[ 0-0234 


HgCl produced. 
Gram. 
0-0975 
0-1174 
0*1285 


0-1546 

0-1785 

0-1842 


The effect of sulphuric acid on the reaction was studied by adding 
to the mixture 20 c.c. of A/5-sulphuric acid before making up to 
100 c.a: 


MnOg added. 

HgCl produced. 

Gram. 

Gram. 

at f 0-0125 

0-0712 

25® 4 0-0214 

0-0828 

[ 0-0267 

0-0875 

at f 0-0110 

0-1437 

100®4 0-0136 

0-1612 

i 0-0224 

0-1695 


'\.(3) InductoT--Fotassium Nitrite. —The solid potassium nitrite 
prepared by the double decomposition of re crystallised silver nitrite 
and potassium chloride (compare and Dhar, T., 1912, 101, 
965) was purified by recrystallisation from water. A solution was 
prepared and standardised by evaporating a Iriiown volume in a 



DnAK; CATALYSIS. PAKT IIT. 


platiiiiiiii crucible,' on a steam-batii, heating the residue with siil- 
pliiiric acidj and weighing the 2 ?otassium sulphate formed. 

Each mixture contained 25 c.o. of iT/10-oxalic acid and 20 c.c. of 
iV/iO"iiiercuric chloride, and the experiments were carried out 


at 100'=^: 

0*0091 

gram 

KNO 2 gave 

0*0590 gram HgCl. 

0*0181 

jj 

KNO, „ 

0*0880 


HgCl. 

0*0272 


KNO 2 „ 

0*1171 


HgCl. 

0*0725 


KNOo „ 

0*1858 


HgCl. 

0*0907 


KNO^ „ 

0*1984 


HgCl. 

0*1814 

J) 

KNOl „ 

0*2071 


HgCl. 

0*4535 


KNO, „ 

0*2214 

)) 

HgCl. 


The amount of mercurous chloride formed increases with the 
increase' in the concentration of potassium nitrite. 

When a small quantity of manganese sulphate is also present, the 
amount of iiierciiroiis chloride produced is independent of the con¬ 
centration of potassium nitrite, and almost the whole of the mer¬ 
curic salt is reduced, as the following table will show: 

In the pre'-eiice of 0*0654 gram MnS 04 : 

0*0091 gram KISr02 gave 0*2276 gram HgCl. 

0*0453 „ KNOl „ 0*2274 „ HgCl. * 

0*0907 „ KNOI „ 0*2276 „ HgCL 

(20 c.c. of iV/lb-mercuric chloride = 0*2365 gram HgCl.) 

(4) Inducto7'-Pot€tmtim Permanganate,—Ulie mixtures to which 
vaiying quantities of potassium permanganate were added con¬ 
tained in each case 50 c.c. of iY/lO-oxalic acid and 20 c.c, of iV/10- 
merciiric chloxide and the experiments were carried out at 25^^: 


C.c. of 

HgCi 

0 

1 

0 

produced. 

added. 

Gram. 

1 

0-0663 

2 

0*0827 

3 

0-1063 

5 

0-1122 

10 

0-1224 

20 

0-1660 


As shown by the figures in the foregoing table*, the amount of 
mercurous cliloride formed increases with the concentration of 
potassium permanganate. If the concentration of permanganate 
is kept constant, the amount of mercurous chloride ^ obtained 
increases with the increase in the concenteatioU' of either the actor 
or acceptor, as shown by the figures in the following tables: 
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56 c.c. i¥/10"Oxalic acid, 20 c.c. A'/lO-KMiiO^, and 

30 ,, .Y/lO-HgCl.^ gfi-ve 0‘202G gram l:!g(3 at 25' 

20 „ NjlOMgCll „ 0’1660'" „ HgCl „ 

10 „ iV/lO-HgCIo „ 0-1179 „ HgCl „ 

35 c.c. A^/lO-O'Xalic acid, 20 c.c. iV"/ 10 -KMnO 4 , and 

30 „ iY/ 10-HgClo gave 0*1412 gram HgCl at 25"^. 

20 „ .Y/10-HgC4 „ 0-1248 „ HgCl „ 

10 „ .Y/lO-HgCls „ 0-0875 „ HgCl „ 

The effect of manganese salt on the reaction was studied by adii- 
iiig 0-0654 gram of manganese sulphate' to the mixture of 50 c.c. of 
iY/lO-oxalic acid and 20 c.c. of A^/lO-mercurie chloride: 

C.c. of HgCl. 

iV/lO-KMnO^ produced, 

added. Gram. 

( 2 0-1420 

at 25^1 5 0-1480 

I 10 0-1551 

The effect of sulphuric acid was studied by adding 4 c.c. of 
iT/2-siilplmric acid to the same mixture : 


C.c. of 

HgCl 

4^/10-K:MnO4 

produced 

added. 

Gram. 

1 

0-0070 

2 

0-0610 

3 

0-0830 

5 

0-0893 

10 

0-1067 

20 

0-1206 


It will he evident from the foregoing tables that manganese 
sulphate promotes, whilst sulphuric acid hinders the reductioii. 
The joint effect of manganese sulphate and sulphuric acid was 
studied by adding 10 c.c. of ALsulphuric acid in one ease and 10 c.c. 
of iV-sulphuric acid and 0*0654 gram, of manganese' sulphate in the 
other, to the mixture of 25 c.c. of yY/lOmxalic acid and 10 c.c, of 
A'/10-mercuric chloride: 

HgCl obtained HgOl obtained 
with no man- with 0-0()54 gram. 


C.c. KMn 04 ganese salt, MnS 04 , 

added. Gram. Gram, 

at f 5 0‘0348 0-055G 

100°4 10 0-0425 0-0554 

[ 20 0-0184 0-0194 


Hence, even in the presence of sulphuric acid, manganese sulphate 
promotes the reaction. 

(5) Inductor-Ghro?mc AL Chromic acid when added to a mix¬ 
ture of mercuric chloride and oxalic acid, does not give a p'recipi- 
tate of mercurous chloride. In a subsequent paper it will be shown 
that the velocity of the oxidation of oxalic acid by chromic acid is 
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low. This oxidation, liowever, is greatly accelerated by liiaiigaiiese 
saJis, and accordingly, if cliroinic acid and manganese snlpUaie 
together are added tO' -tlie mixture of mercuric chloride and oxalic 
ackl, a precipitate of mercurous chloride is obtained. 

Ordinary pure chromic acid was se^veral times w^aslied with con¬ 
centrated nitric acid, then dissolved in the minimuin quantity 
of water, and reprecipitated by the addition of concentrated nitric 
acid. This product was heated in a steam-bath in order to free it 
from nitric acid, and finally purified by crystallisation from water. 

Til© mixtures to which varying quantities of manganese sulphate 
were added contained in each case 25 c.c. of i\^/10-oxalic acid, 
20 c.c. of 3"/10-niercuric chloride, and 0*00253 gram of chromic 
acid : 


HgCl produced HgGl produced 


MnS 04 added. at 25A at lOOA 

Gram. Gram. Gram. 

0-00327 0-0107 0-0259 

0-00654 0-0306 0-1351 

0-01308 0-0850 0*1685 

0-01962 0-0887 0-1721 

0-03924 0-1042 0-2039 

0-05886 0-1074 0-2142 

0-1308 0-1121 0-2232 

0-1962 0-1120 0-2238 


As shown by the figures in the foregoing table, the amount of 
mercurous chloride formed increases with the concentration of 
manganese sulphate. To the same mixture of mercuric chloride 
and oxalic acid, 0*01962 gram of manganese sulphate and varying 
quantities of chromic acid weiei added: 


Chromic acid added. HgCl obtained. 


Oram. Gram. 

f 0-00253 0-0887 

at I 0-00606 0-1075 

25*=’1 0-01515 0-0776 

{ 0-02525 0-0462 


Hence, with a definite concentration of manganese salt, the 
amount of mercurous chloride formed increases to a maximum and 
then decreases witli the increase in tlie concentration of chromic 
acid. 

The effect of sulphuric acid was studied by adding 10 c.c. of 
iV-siilphiiric acid to the mixture containing 40 c.c. of A/10-oxalic 
acid, 20 c.c. of A/lO-mercuric chloride, and 0*0654 gram of man¬ 
ganese sulphate with varying quantities of chromic acid: 


Chromic acid 
added- 
Gram. 
0-00101 
0-00253 
0-00656 


HgCl obtained 
with no H 2 .SO 4 . 
Gram. 
0-1052 
0-1162 
0-1254 


HgCl produced 
with 

10 e.o. H2SO4. 
Gram. 
0-0474 
0-0503 
0-0518 


VOL. cxr. 
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Hence snlpliuric acid is a retarder. 

(6) Inductor-^Nitfic Acid .—Nitric acid by itself cannot produce 
a precipitate of mercurous chloride when it is added to a mixture 
of mercuric chloride and oxalic acid; but nitric acid with man¬ 
ganese sulphate produces the precipitate. The oxidation of oxalic 
acid by nitric acid is also accelerated by manganese salts. Varying 
amounts of nitric acid were added to the mixture containing 40 c.c. 
of A^/lO-oxalic acid, 20 c.c. of A^/lO-merciiric chloride, and 0*1962 
gram of manganese sulphate, and the following results were ob¬ 
tained at 100^: 

HgCI 

C.c. V'HNO;.. obtained, 

added. Gram. 

0>1 0-2055 

0-2 0-2052 

0-5 0-2058 

In the presence of manganese sulphate, the amount of mercurous 
chloride produced is independent of the concentration of nitric 
acid. 

The following is a summary of the results obtained with oxalic 
acid as actor: 

{a) The greater the concentration of the inductor the greater is 
the amount of mercurous chloride obtained; this relation holds up 
to a certain limiting concentration of the inductor, after which an 
increase in the concentration of the inductor is accompanied in 
most cases by a decrease in the amount of mercurous chloride. 

{h) The higher the temperature the greater is the amount of 
mercurous chloride formed, 

(c) The greater the concentration of the actor (that is, oxalic 
acid), the greater is the amount of reduction. 

{d) Sulphuric acid hinders and manganese sulphate promotes the 
reaction. 


!B. ToTfaric Acid wild Mctcutic Cihlovide. v^lth vcipIohh 
Oxidising Agents, 


As in the experiments already described, the total volume of 
the reaction mixture was 100 c.c. All the experiments recorded 
below were carried out at 100^, except where otherwise indicated: 


C.c. tartaric 

C.c. V/lO-HgCl. 

Vol. oxidising 

HgCl obtainef'i 

acid used. 

used. 

agent added. 

Gram. 

50 of V/5 

25 

10 O.O. .W/lO-KMnOj 

0-0567 

50 „ N/5 

26 

20 „ JV/lO-KMnO. 

0-1133 

50 „ V/S 

25 

5 „ J^/10-KsS,O„ 

0*0143 

50 „ N/5 

25 

10 Jv^/lO-KsSjOs 

0-0295 

50 „ N/5 

25 

20 jy/10-KaS,Os 

0-0613 

50 „ V/5 

10 

5 „ JV/5.H,Oj 

0-0247 

50 „ Njn 

10 

10 „ jy/S-HjOs 

0-0478 / 

25 „ V/10 

25 

3 „ jy/lO-KMnO, 

0-0177 / 

25 „ N/IO 

26 

10 „ jy/lO-KMnO^ 

[0-0024 gram' at 2-^' 
0-0457 7 
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From the foregoing results it appears that the greater the coii- 
ceiitratioii of the inductor, that is, the added oxidising agent, the 
greater is the amount of mercurous chloride formed. With a 
definite concentration of the inductor the amount of mercurous 
chloride formed increases (a) with the concentration of the actor 
(tartaric acid), and (h) with the temperature. 

C. iUalic Acid and Mercuric Chloride with Oxidising Agents 
as Inductors. 

In each experiment 30 c.c. of iY/lO-malic acid and 10 c.c. of 
iY/lO-mercuric chloride were used, the quantity of inductor given 
ill the following table was added, and the volume made up to 
100 c.c. Except where otherwise indicated, the experiments were 
carried out at 100°: 

5 c.c. iY/10-KMnO4 gave 0*0297 gram HgCl (0’0070 gram at 
25°). 

3 c.c. gave 0*0189 gram HgCl (0*0035 gram at 25°). 

5 c.c. iy/lO-Ko^c^g 0*0153 gram HgCl and 3 c.c, gave 

0*0110 gram, 

5 c.c. iY/5>H202 gave 0*0112 gram HgCl and 3 c.c. gave 0*0074 
gram. 


D. Malonic Acid, and Mercuric Chloride with Oxidising Agents 

as Inductors. 

Twenty-five c.c, of lY/lO-malonic acid and 10 c.c. of Y/lO-mer- 
curic chloride were used for each experiment at 100°: 

5 c.c. iV'/10-KMnO4 gave 0*0201 gram HgCl and 3 c.c. gave 
0*0118 gram. 

5 c.c. NjbAEL^O^ gave 0*0159 gram HgCl and 3 c.c. gave 0*0107 
gram. 


E, Ch/colUc Acid and Mercuric Chloride with Oxidising Agents 

as Inductors. 

Twenty-five c.c. of iY/lO-glycollic acid and 15 c.c. of *Y/10-iner“ 
cuiic chloride were used in each experiment at 100°: 

5 c.c. il7^/10~KMnO4 gave 0*0113 gram HgCl and 3 c.c. gave 
0*0077 gram, 

5 c.c. N gave 0*0054 gram HgCl and 3 c.c. gave 
0*0031 gram, 

10 c.c. WI gave 0*0107 gram HgCl and 5 c.c. gave 0*0069 
gram. 

F F 2 
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F. Citric Acid and ill ere uric CJdorlde. u'itdi 0;x'i(lmii(j J/zf/z/rV as 

Inductors. 


Ill eacii experiment at 100°, 10 c.c. of iY/lO-merciiric cliioride 
were used: 


HgCl 

Volume of citric Vohime of oxidising obtained, 

acid used. agent added. Gram. 

10 c.c. of A^-acid 5 c.c. of V/S-H-.O,, 0*0026 

10 „ A^-add „ Nlo-HlOl 0*0017 

2.0 ,, xV/iO-acid r> „ iV/i0-KMnO4 0*0167 

25 „ xY'.OO-aoid :i xV/lO-KMiiO^ 0*0090 


G. Hydrazine Hydrochloride and Mercuric Chloride with 
Potassiuni Perinanganate an Inductor 

In eacli experiment 20 c.c. of iY**}iydrazine hydrochloride and 
10 c.c. of iY/lO-mercuric chloride were used and measurements 
were made at 100°: 

10 c.c. iY-KMn 04 gave 0‘0314 gram HgCl and 5 c.c. gave 
0-0212 gram. 


H, Tlydroxylamine Hydrochloride and Mercuric Chloride irith 
Potassium Permanganate as Inductor, 

In each experiment at 100°, 15 c.c. of xY-hydroxylamiiie hydro- 
chloride and 10 c.c. of iY/lO-mercurie chloride were used: 

10 c.c. iY-KMn 04 gave 0*0236 gram HgCl and 5 c.c. gave 
0*0114 gram. 

From the experiments recorded in B to H it appears, as from 
the experiments in A, that the greater the concentration of the 
inductor the greater is the amount of mercurous chloride formed. 

The activity of hydrogen peroxide as an oxidising agent in 
these cases, especially with tartaric and citric acids, is greatly 
increased by either ferric or ferrous salt. Thus, if mercuric 
chloride is boiled with tartaric acid and hydrogen peroxide is 
added to the mixture, a small amount of mercurous chloride is 
obtained, but if a drop of a ferric or ferrous salt is added to the 
mixture, an immediate, copious precipitate of mercurous chloride 
is formed. In Fenton's reagent, ferrous salt is used, but in these 
cases both ferrous and ferric salts are equally active. 

Experiments were made with mercuric bromide instead of 
mercuric chloride, and results similar to those with mercuric 
chloride were obtained with all the reducing agents. 
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J. (Jopper (Jhloridt and Organic AckLs with Fotassium 
Permanganate as Inductor. 

When cop'per chloride is boiled with tartaric acid, for example, 
no reduction to the cuprous state takes place, but when potassium 
permanganate is added to the mixture, then reduction occurs. In 
these cases, no precipitate of cuprous salt was obtained, but the 
cuprous salt formed remained in solution as part of a complex 
negative ion. 

To this solution potasium iodide was added, and the liberated 
iodine was estimated with standard thiosulphate. In this xvay, 
only the copper in the cupric state can be determined. The 
original cupric chloride solution having been treated in the same 
manner, the difference gave the amount of cuprous salt formed. 

In each experiment 0*2194 gram of cupric chloride was used 
and the volume of the reaction mixture made up to 100 c.c., 
measurements being made at 100^: 


Volume of acid used. 

Volume of 
A7,10-KMnO4 
added. 

Cuprous salt 
produced. 
Gram^, 

Percentage 

reduction. 

25 c.c. 

of A?'/2-tartaric 

40 c.c. 

0*0538 

25 

25 

20 „ 

0*0266 

12 

25 ’ 

,, A^-citric 

40 

0*0202 

9 

25 

,, A/'/2-lactic 

25 „ 

0*0124 

5-5 

35 

40 „ 

0*0154 

7 

35 

,, AT/o-malic 

J? 

25 „ 

0*0101 

4*5 

25 

40 

0*0112 

5 

25 

25 „ 

0*0065 

3 


The foregoing figures show that potassium permanganate pro¬ 
motes the reduction of cupric chloride by tartaric acid, citric 
acid, etc. 

Oxalic acid cannot be used as a reducing agent, since cupric 
oxalate immediately separates out when the acid is added to the 
cupric salt, 

Iv. fJold Chloride and Organic Acids tcifh Vrrrioiis Inductors. 

Gold chloride is reduced more rapidly by reducing agents when 
an oxidising agent is added to the mixture. When the reduction 
is effected by hydrogen peroxide and a few drops of potassium 
permanganate are added, the colour of the latter is discharged in 
a few seconds, and almost immediately black particles of gold, 
gradually becoming brown, separate out. This may serve as a 
lecture experiment on induced reactions ; instead of hydrogen per¬ 
oxide, a solution of per carbonate may be used witli similar effect. 

The gold chloride used in the following experiments contained 
1*8 grains of gold per litre. The volume of the reaction mixture 
in each case was 25 c.c., and the experiments were made at 25^:, 
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Time re¬ 

Volume of 



quired for 

gold 



appearance 

chloride 

Volume of reducing 

A'olume of oxidising 

of gold 

used. 

agent used. 

agent added. 

particles. 

2 

c.c. 

5 c.c. iV/lO-oxalic acid 

0 

10' O'' 

2 

? 9 

r> c.c. JV/lO-oxalic acid 

0-1 c.c. WIO KMn 04 

4' 0" 

2 

7 9 

5 c.c. N/10 oxalic acid 

0-2 c.c. iV/ 10 -KMiiO 4 

2' 20" 

5 

99 

5 c.c. iV/lO-tartaric acid 

0 

40' 30" 

a 

99 

5 c.c. iV/lO-tartaric acid 

0-3 c.c. iV/ 10 -KMnO 4 

J.0' 0" 

5 

9 9 

5 c.c. JV/lO-tartaric acid 

0-5 c.c. iV/10-KMnO4 

7' 2" 

ty 

9 9 

5 c.c. iV/10-citi’ic acid 

0 

26' 6" 

5 

99 

5 c.c. iV/lO-citric acid 

0-5 c.c. iV/10-KMnO4 

7' 5" 

5 

9 9 

5 c.c. iV/lO-citric acid 

0-75 c.c. iV/ 10 -KMnO 4 

r>' 20" 


. 9 

5 c.c. iV/10-malic acid 

0 

46' 0" 

.5 

9 9 

5 c.c. AT/10-malic acid 

0-5 c.c. iV/10-KMnO4 

12' 0" 

5 

9 9 

5 c.c. A^/lO-malonic acid 

0 

20' 10" 

0 

99 

5 c.c. iV/lO-malonic acid 

0-5 c.c. jV/10-KMnO4 

5' 6" 

5 

99 

10 c.c. 

0 

9' 40" 

5 

99 

10 c.c. 

0-5 c.c. iV/10-KMnO4 

2' 5" 

5 

»» 

10 c.c. JV/iOO-HoSOa 

0 

6' 30" 

5 

99 

10 c.c. IV/lOO-H^SOa 

0-5 c.c. iV/lO-KaSaOg 

0' 20" 

2 

99 

5 c.c. iV/lOO-HaSO-t 

0 

5' 40" 

2 

9 9 

5 c.c. J^/lOO-HaSOg 

0*1 c.c. iV/lO-KMnO^ 

0' 40" 

2 

99 

5 c.c. iV/lOO-HaSOg 

0*2 c.c. Ar/ 10 -E:MnO 4 

0' 30" 


L. 

Silver Nitrate and Organic Acids with Potassium 


Permanga7iate as Inductor, 


When a solution of silver nitrate is boiled with tartaric acid, 
citric acid, etc., there is practically no reduction, but when 
potassium permanganate is added to the mixture, black silver 
particles separate out. The volume of the reaction mixture was 
mad© up to 25 c.c. and measurements were made at 60°. In each 
experiment 5 c.c. of iV^/lO-silver nitrate were used: 


Volume of reducing agent 

Volume of 
V'/10.KMnO4 

Time required 
for the a|)poar- 

used. 

added. 

ance of silver. 

10 c.c. iV/S-malic acid 

3 c.c* 

6' 

iO c.c. iV/5-malio acid 

I n 

15' 

10 c.c, N /5-tartaric acid 


6' 

10 o.c. A//6-tartario acid 

1 „ 

13' 

10 o.c. i*7/4-citric acid 

4 „ 

5' 

10 c.c. 1^/4-0^110 acid 

1*5 „ 

20' 

10 c.c. A7/10-malonic acid 

3 „ 

12' 

10 c.c. AT/lO-malonio acid 

1 

30' 

10 c.c* iV/lO-lactic acid 

3 

16' 

10 c.c. A7/10-lactie acid 

1 „ 

46' 


M. Sodium Selenite and Reducing Age^its with Fotassium 
Permanganate as Inductor, 

Sodium selenite is not reduced to selenium at the ordinary 
temperature by oxalic acid, tartaric acid, etc.; reduction takes 
place only when potassium permanganate is added to the mixture. 
Measurement© were mad© with 10 c.c. of ^7 6-sodium selenite at 
25°, the volume of the reactor mixture being 25 c.c.: 
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V'olume of 




.V/lO-KMnO, 

'rime for the 

Volume of reducing agent uaecL 

added. 

appearance of Sc 

10 c.e. A^/lO-oxaiic acid 

3 c.c. 

8' 

10" 

10 c.e. V/lO-oxalic acid 

•2 

12' 

5'" 

10 c.c. iV/S-tartaric acid 


1,2' 

50" 

to c.c. V/5-tartaric acid 

2 

19' 

10" 

10 c.o. iV/4-citric acid 

3 r, 

10' 

5" 

10 c.c. iV'/4-citrie acid 


17' 

0" 

10 c.c. jV/lO-maloiiic acid 

3 „ 

15' 

22" 

10 c.c. iV/10-malonic acid 

2 

22' 

30" 

10 c.c. JV/S-malic acid 

3 !! 

13' 

10" 

10 c.c. iV/o-malic acid 

2 

20' 

5" 

10 c.c. JV-hydroxylamine hydrochloride 

3 ” 

3' 

10" 

10 c.c, iV-hydroxylamine hydrochloride 

2 

5' 

2" 

10 c.c. A^-hydrazine hydrochloride 

3 r, 

5' 

T 

10 c.c. A'-hydrazine hydrochloride 

a 

S' 

30" 


From the experiments recorded in the foregoing tables, it 
appears that the greater the concentration of the inductor, 
potassium permanganate, the more rapid is the reduction. 


Change of Condwctivity in Indnced Eeactions. 


With the object of obtaining further information on the course 
of these induced reactions, measurements of electric conductivity 
were undertaken. 

Fresh solutions of all the reacting substances in ‘‘ conductivity 
water were prepared and measurements carried out by the usual 
Kohlraiisch method. Experiments were made with oxalic and 
malonic acids as actors, mercuric and gold chlorides as acceptors, 
and potassium permanganate as inductor. The conductivity of 
the reaction mixture falls oflr veiy rapidly at first, and as soon as 
the reduction of the metallic salt begins, the conductivity again 
rises slowly. The following table will illustrate a typical change 
of conductivity. Fifty c.c. of iV/lO-oxaiic acid, 20 c.c. of iV/10- 
mercuric chloride, and 20 c.c. of jY/ 10-potassium permanganate 
were mixed: 


Time. ' 

Specific conduc¬ 
tivity at 25®. 

0 

0-00823 

5' 

0-00726 

10' 

0-00588 

15' 

0-00392 

20' 

0-00309 

25' 

0*00315 

30' 

0*00334 

35' 

0*00341 

40' 

0*00345 

45' 

0*00348 

50' 

0*00352 

56' 

0-00358 

60' 

0*00364 

,65' 

0*00365 
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If tlie reacting organic acid were first converted into I'oriiiic 
acid, tlie fall in conductivity would almost certainly not liave 
been sO' very rapid, and tbe conductivity measuremeiits dO' not 
support the view of the intermediate formation of formic acid as 
a product of the oxidation of oxalic or malonic acid. The rapid 
fall of conductivity is most probably due to the oxidation of the 
organic acid (for example, oxabc, maionic, etc.) straight away to 
the almost non-conducting carbon dioxide and water. The second 
slow increase is to be attributed to the formation of hydrochloric 
acid, which is a product of the change. 

Attempts have been made to study the kinetics of these induced 
reactions, and from the experimental results curves showing 
definite period of induction are obtained. No definite conclusion 
as to the course of these reactions can, however, be obtained. 

Mercuric chloride may be used as an indicator showing the 
acceleration of the oxidation of oxalic acid by any substance; 
when there is an acceleration, mercurous chloride is obtained. It 
seems probable that when there is acceleration of the oxidation 
of oxalic acid by a catalyst, a substance with greater reducing 
power than oxalic acid is formed; thus, when the indicator, 
mercuric chloride, is present in the oxidation of oxalic acid by 
chromic acid, mercurous chloride is not formed; on the other 
hand, if manganese sulphate is added to the mixture, there is a 
marked acceleration of the oxidation of oxalic acid by chromic 
acid, and simultaneously a precipitate of mercurous chloride is 
obtained. 

In order to throw further light on these reactions, the kinetics 
of individual reactions involved in these complex changes have 
been separately investigated and are described in the following 
paper. The kinetic measurements will show that the order of the 
oxidation of oxalic acid by chromic acid in the presence of 
manganese salts is quite different from that of the reaction in 
which no manganese salt is present. 

Moreover, it is seen that manganese is quite nniqne in its 
behaviour in this oxidation; cobalt or iron or chromium salts 
cannot be used instead of manganese salts. 

Discussion of Eestdts, 

111 all the experiments on induced reactions recorded above, the 
oxidising agents take part and are themselves reduced during the 
chemical change. According to Wagner {Zeiisch. physikah Chew,, 
1899, 28, 33), these reactions may be regarded as examples of 
pseudo-catalysis. Ostwaid nses the term ‘'catalysis by transveo 
tion” (Uebertragimgskatalyse). 
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Oil coiisiiitiiig tlie literature ou the subject, it is observed that 
practically no instance exactly of this nature is known. The work 
on induced reactions recorded hitherto refers to reactions with 
two reducing agents and one oxidising agent. In the reactions 
investigated in this paper there are two oxidising agents (for 
example, merciiric chloride and potassium permanganate) and 
only one reducing agent (for example, oxalic acid or sulphurous 
acid). 

At first the primary change, namely, the oxidation of the 
reducing agent by the inductor (potassium jDermanganate or 
hydrogen peroxide), takes place, and this primary change induces 
or promotes tiie secondary change, that is, the reduction of the 
acceptor (for example, mercuric chloride) by the actor (for example, 
oxalic acid). In other words, the potential oxidising power of mer¬ 
curic chloride is activated by the previous oxidation due to the 
inductor. 

The reducing agent divides itself, as it were, between the two 
oxidising agents, and the proportion in which it is divided between 
the two oxidising agents may be termed the induction factor (I) 
(coiniDare Luther and Schilow, loc. cif,): 

j _ amount of acceptor transformed 
amount of inductor used up. 

It can be shown theoretically that the induction factor would 
be proportional to the ratio of the concentrations of mercuric 
chloi'ide and potassium permanganate at the beginning of the 
reaction. From the figures on p, 693, one finds that 50 c.c. of X/10- 
oxalic acid, 20 c.c. of iT/lO-mercurie chloride, and 

1 c.c. i\V10-KMnO4 gave 0-0663 gram HgC1^2-9 c.c. NjlO- 

oxalic acid. 

2 c.c. N/lO-KMnO^ gave 0-0827 gram HgCi=3‘5 c.c. x¥/10- 

oxalic acid. 

3 c.c. iV/lO-KMiiO,! gave 0-1063 gram HgC1^4‘53 c.c. NjlO- 

oxalic acid. 

5 c.c. i\ 710 -KMnO 4 gave 0-1122 gram HgCl=4-95 c.c. J/10- 
oxalic acid. 

10 c.c. #/10-KMnO4 gave 0*1224 gram HgCl^S’S c.c. F/IO- 
oxalic acid. 

20 c.c. iV/lO-KMnOj gave 0’1G60 gram HgCl=7*0 c.c. N/lO- 
oxalic acid. 

Hence the induction' factors are: 

2-9/i, 3-5()/2, ’ 4*53/3, 4.95/5 '5-3/10, 7/20 

■-•.c 2*9 1*75 1*5 0.99 0*53 0*35 •. 
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Tile maximum limit of the induction factor in this reactioi^ 
is 3. Consequently it follows that the inductor (potassium per¬ 
manganate) will receive and oxidise 1 molecule oi oxalic acidj 
whilst the acceptor (mercuric chloride) will oxidise 3 molecules. 
On comparing these values of the induction factor (/) with the 
corresponding ratios of the concentrations of mercuric chloride (Gq) 
and potassium permanganate (Ci) at the beginning of the reaction,, 
the following results are obtained: 

I ^ 0-35 0-53 0-99 1-50 i-75 2-9 

O^/Ci =1 2 4 6*66 10 20 

From the foregoing figures it appears that the induction factor 
increases as the ratio of the concentrations of mercuric chloride 
and potassium permanganate at the beginning of the reaction is 
increased. 

In the phenomenon of co-fermentation we have a physiological 
analogue of these reactions. Magnus (Zeitsch. physiol, Glieni,^ 
1904, 42, 149) has shown that one enzyme is able to do its special 
work only in the presence of another enzyme. Further, Ipatiev’s 
method for the hydrogenation of organic compounds {Ber.^ 1907, 
40, 1270, 1281; 1909, 42, 2089) furnishes another analogue of 
these reactions. In his method a variety of catalysts-—alumina, 
nickel oxide, copper oxide, etc—is used, and in the presence of 
these catalysts reductions are effected by hydrogen. Here 
oxidising agents (for example, copper oxide, alumina, etc.) are 
used in helping a reduction. Ipatiev tentatively explains the 
process on the assumption that at first the metallic oxide is reduced 
with the formation of water, which regenerates the oxide and 
liberates active hydrogen. 

The mechanism of these induced reactions is still obscure. 
Luther and Schilow's work (loc. dt,) does not take us further tluui 
their classification. By some investigators the formation of an 
intermediate compound is regarded as important in the niechanism 
of induced reactions, but Dixon (T., 1886, 49, 94) has pointed out 
that the mere isolation of such a prodxmt does not necessarily 
prove that the reaction proceeds in that particular way. The 
assumed intermediate compound may be, in reality, a by-product 
of the reactions. 

In order that a chemical change can occur at all, it must be 
associated with the diminution of free energy. This loss depends 
only on the initial and final stages of the reaction, not on its 
course. On the other hand, the velocity of the reaction is strictly 
proportional to this loss. Hence we should be inclined to con¬ 
clude that the velocity of the reaction in a given system must 
have the same value, whether the process is direct or indirect— 
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wlietlier it takes place in one or several steps* Sticli a conclusion 
would be incorrect, for, besides tbe loss of free energy, tlie velocity 
of reactions depends on many factors, wbicli are by no means 
all known. Hence Ostwald bas urged tbat the velocity of each 
separate reaction concerned must be actually measured. The 
application of this method to complex reactions yields evidence 
that ill some cases at least intermediate compounds are formed. 
The study of the oxidation of oxalic acid by chromic acid with 
and without manganese sulphate (see following paper) has proved 
that although the final products* are the same in both cases, yet 
ill the presence of the positive catalyst, manganese sulphate, the 
order of the reaction is altogether changed. Hence it seems 
reasonable to suppose that in the presence of manganese sulphate 
some kind of intermediate compound takes part in the change. 

It has been suggested that in induced reactions hydrogen 
peroxide is first formed (compare Kastle and Loevenhart, Amer. 
Ghem, 1903, 29, 397, 517); but the foregoing results have 
shown that hydrogen peroxide itself is a much less active inductor 
than potassium permanganate. Moreover, a solution of mercuric 
chloride when boiled with hydrogen peroxide gives scarcely any 
precipitate of mercurous chloride. 

As regards the oxidation of organic acids, it is conceivable that 
formic acid is the first product. Pean de Saint Gilles 
Ghim. fliys,, 1850) has shown that in sulphuric acid solution the 
oxidation of tartaric acid by potassium permanganate takes place 
according to the equation: 

C4HA> + 30 = 2 H-C 02 H + 2CO2 + HoO. 

As a matter of fact, the formic acid produced can be distilled 
of and collected. In order to test whether there is any ground 
for assuming the intermediate production of formic acid in the 
oxidation of oxalic acid, the following experiments were made. 
The induction due to chromic acid and manganese sulphate was 
studied at 0®. The reacting substances were previously cooled 
to 0^ before mixing, and the reaction was allowed to proceed at 
that temperature for twenty hours; the mercuro'Us chloride formed 


was quickly collected in 

a Gooch crucible. 

The total volume 

the mixture in each case 

was 100 c.c. 


Twenty-five c.c. A/lO-oxalic acid, 20 c.c. 

.Y/lO-HgCk, and 

Chromic acid. 

HgCl produced 

HgCl produced 

[0*0654 gram MnSOJ 

[0*0327 gram MnSO.]. 

Oram. 

Gram. 

Cram. 

0-00101 

0*0260 

0*0185 

0*00253 

0*0379 

0*0276 

0*00505 

0*0470 

0*0284 

0*01515 

0*0326 

0*0202 

1 - 2 
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The experiiitieiiis show clearly that even at 0^^ the iuciuctioii 
takes |)ia<^e. On the oilier hand, when a nvixiure of 25 c,c. of 
iV/S-formic acid and *20 c.c. of iY/lO-inercurie chloride was made 
up to 100 c.c. and kept at 0° for twenty hours, no precipitate of 
mercurous chloride was obtained; it was further observed that 
x¥/10~sodiiim formate cannot reduce mercuric chloride at 0°. 
Evidently these experiments prove that formic acid cannot be an 
intermediate product in the oxidation of oxalic acid. 

The analogy between these induced reactions and photo- 
ciiernical reactions has already been referred to. D. Berthelot 
((Joni'pf. rend., 1910, 150, 1327) stated that oxalic acid when 
exposed to light produced formic acid and carbon dioxide. The 
author has observed that if silver chloride or bromide or mercuric 
iodide is exposed to sunlight with a solution of an oxalate for a 
sufficient length of time, and the mixture is agitated, reduction 
takes place to metallic silver and mercurous salt respectively. On 
the other hand, reduction does not take place in any of these cases 
with formates or formic acid. Again, if an oxalate is added to a 
solution of a cupric salt, a precipitate of cupric oxalate is obtained, 
and if an excess of the oxalate is added, the precipitate dissolves 
to a blue solution. This complex copper oxalate solution is sensi¬ 
tive to light and decomposes on exposure to sunlight into metallic 
copper and carbon dioxide. On the other hand, the blue solution 
of a complex formate obtained by mixing excess of ammonium 
formate with a cupric salt can be boiled without any change; and 
it does not decompose when exposed to sunlight. 

The facts just cited do not support the idea of the production 
of formates when oxalates and oxidising agents (for example, 
silver salts, copper salts, etc.) are exposed to light. 

In the case of induced reactions, the analogy between the 
behaviour of an inductor and that of light is quite striking; the 
behaviour of a mixture of mercuric chloride and oxalic acid in 
the presence of potassium permanganate and of light is an illus¬ 
tration of tile point. Not only is the mixture extremely sensitive 
to both these agents, but the shining crystals of mercurous chloride 
obtained in the two cases as the product of the reaction are closely 
similar in appearance. The analogy between photochemical reac¬ 
tions ai^d those in which chemical catalysts play a part will be 
further developed in the following paper, 

iMrEBIAL COLLEOE OF SCIENCE AND TeOHNOLOOY, 

London, S.W. Jime 2!.< 1917,] 
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IjX.IL— Catalysis. Part IV. Tem23erature Coefficients 

of Catalysed Reactions. 

By Nile AT AN Dhar. 

In the foregoing paper it has been shown that although oxalic 
acid cannot reduce mercuric chloride even when boiled^ the addi¬ 
tion of a few drops of chromic acid and a trace of manganese salt 
is followed by the reduction of the chromic acid, and immediately 
thereafter by the reduction of mercuric chloride. It is the object 
of the present communication to throw light on the mechanism 
of this and other induced reactions, and, further, to study 
the temperature coefficients of reactions influenced by chemical 
catalysts or by light. The effect of change in the concentration of 
the reacting substances on temperature coefficients has also been 
investigated. 

The investigation has covered the kinetics of the oxidation of 
oxalic acid and formic acid by chromic acid, and the oxidation of 
formates and oxalates by iodine, mercuric chloride, and silver 
nitrate. 

Experimental. 

Oxalic Acid' and Chromic AcuL 

Oxalic acid is slowly oxidised by chromic acid at the ordinary 
temperature, but at about 25° the velocity of the reaction is quite 
measurable. 

Ordinary pure chromic acid was repeatedly washed with con¬ 
centrated nitric acid in order to remove potassium salts. The 
washed specimen was disvsolved in the minimum quantity of water 
and precipitated with concentrated nitric acid; this product was 
freed from nitric acid by heating it electrically in a vacuum 
desiccator over potassium hydroxide. The product was finally 
purified by recrystallisation from conductivity wmterand dried 
ill a steam oven. 

The ordinary pure oxalic acid was first ciyatallised from water 
to which were added a few drops of hydrochloric acid in order to 
decompose any sodium oxalate if present. This product was 
several times recrystallised from water and dried ceiitrifugally. 

Measured volumes of oxalic acid and chromic acid which had 
been previously brought to a constant temperature in a thermostat 
were rapidly mixed, and the time was noted. After definite 
intervals of time, measured quantities were withdrawn' by means 
of calibrated pipettes. The unchanged chromic ^ acid , remaining 



708 


dhar: catalysis, part IV. 


was allowed to act on a mixture of potassium iodide aud hydro- 
chloric acidj and the iodine liberated was estimated with standard 
thiosulphate. The thiosulphate solution was prepared in distilled 
water freed from carbon dioxide and was about iV/60, 

The thermostat regulators used were spiral ones filled with 
toluene (Lowry type), and the Gotze thermometers (divided into 
tenths) employed in the thermostats were checked against a normal 
thermometer which had been calibrated by the National Physical 
Laboratory. 

Order of the Eeaction,—Th.^ velocity of the reaction may be 
represented by an equation of the form where 

Cj and C 2 represent concentrations of chromic acid and oxalic acid 
respectively. 

Determination of m .—^In the following series of experiments the 
oxalic acid used was in large excess, and hence the concentration 
may be takexi as practically constant during the course of the 
reaction; thus the velocity equation takes the following form: 

— where — The order of the 

reaction under the conditions specified is therefore the same as wi. 

Since the free chromic acid in the solution is equivalent to the 
amount of thiosulphate required, it is sufficient to give for each 
observation the amount of thiosulphate in c.c. The results 
recorded in the following four Tables vrere all obtained at 25^^. 


Table I. 


j.¥/S-oxalic acid and iV'/100-chromic acid. 


Time in 
minutes. 
0 
8 

17 

33 

43-5 

70-6 


3iV/20-oxalic acid and 

0 

20 

38 

50 

67 

m 


C.c. of 

Thiosulpliato. -= 1 /I log ejc. 

31-3 

21*7 0-0198 

14-45 0-0197 

6-95 0-0198 

4-25 0-0199 

1*25 0-0198 


Mean ... 0-0198 


Table II. 

iV'/ 100-chromic acid. 


31*3 


20-6 

0-00919 

14-0 

0-00919 

10-9 

0-00916 

7-66 

0-00913 

4-9 

0-00906 
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Table III. 

/V/iO-oxalic acid and A/lOO-chromic acid. 

Time in 

C.c. of 


minutes. 

Thiosulphate. 

cJg. 

0 

31-25 

—. 

28 

25-6 

0-00376 

,52 

20-4 

0-00356 

91 

15-2 

0-00344 

127 

11-85 

0-00332 

187 

9-1 

0-00320 

A/20-oxalic acid and 

Table IV. 

A/lOO-chromic acid. 

0 

84-6 

— 

156 

27-8 

0-000602 

197 

26-45 

0-000592 

854 

21-95 

0-000558 

610 

15-5 

0-000515 

1250 

10-25 

0-000422 


It appears that, in spite of a alight tendency to fall oil, the 
values of /cj calculated for ?n = l exhibit such a degree of con¬ 
stancy that the equation indicating a unimolecular reaction may 
fairly be regarded as the appropriate one. Hence, in the presence 
of a large excess of oxalic acid, the oxidation follows the 
unimolecular law. 

Determination of n .—The method used was Ostwald’s '' isolation 
method.'' As remarked before, the constant involves the con¬ 
centration of the oxalic acid in a manner expressed by the equa¬ 
tion where It is the intrinsic velocity coefficient, c the 

concentration of oxalic acid, and n the number of oxalic acid 
molecules taking part in the reaction. Supposing that Xq/ and 
are the values of hy obtained in two experiments, in each of which 
the initial concentration of chromic acid is the same, whilst the 
concentrations of oxalic acid are different, say and the 
following equations are obtained: 


K 


hy = whence n = lo; 


= ^ 


log. 


In using til© measurements recorded in the foregoing Tables for 

the purpose of determining those values of ky are chosen where 
the amounts of unchanged chromic acid are approximately equal 
in the separate series. On comparing the Tables, the following 
results are obtained; 

Concentration of oxalic acid. {!) N/5 (2) 3 N120 (8) A/10 (4) A/20 

Value of . 0-0108 0-00910 0-00320 0*000422 
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It is evident that the values of decrease rapidly as the con¬ 
centration of oxalic acid diminishes, which indicates a high value 
for the exponent n. The actual values of calculated are 2'7 
[from (1) and (2)], 2-65 [from (1) and (3)], 2*7 [from (1) and (4)], 
2”65 [from (2) and (3)], 2*85 [from (2) and (4)], and 2*9 [from (3) 
and (4)], It is seen that n approaches closely to the value 3, and 
the velocity coefficient ki varies, therefore, as the cube of the con¬ 
centration of oxalic acid. 

To sum up, the oxidation of oxalic acid by chromic acid is 
iinimoleciilar with respect to chromic acid and termolecular with 
respect to oxalic acid, and consequently the whole reaction is 
qiiadrimolecular. The coui'se of the change may accordingly 1x3 
represented by the equation: 

HaCr.Oy + A = Cr.O^ + 4 H 2 O -h 6CO.. 

The neutralisation of chromium oxide (CrgO^) by oxalic acid is 
probably extremely rapid, and in this case would not affect the 
velocity of the reaction. 

In order to study the effect of change in the concentration of 
chromic acid, further experiments were made at 25°, the results 
of which may be summarised as follows: 


With xV/4-oxalic acid. 


Concentration of chromic acid .... 

.. lV/200 

iV/100 

iV/50 

Value of Aq . 

.. 0-0331 

o-osn 

0-0298 

With 3iV'/20-oxalic acid. 




Concentration 0! cdironiie arud .... 

.. A7250 

iV/200 

V/50 

Value of ilq .... 

.. O-OlOO 

0-0 i 03 

0-00837 

It will be seen from the above figures 

that the 

value of tlie 


velocity coefficient Aq appears to vary with the initial conceiiira- 
tion of the chromic acid, becoming greater as the latter diminishes. 
This variation of Zq cannot be ascribed either to varying ionisation 
or to any of the ordinary disturbing effects arising from the pro¬ 
ducts of the reaction, since these would in general exert an 
influence during the course of the reaction, whereas the results 
recorded in Tables I to IV show that the value of Zq is practically 
constant under these conditions. The coefficient is obviously 
affected by some factor which remains constant during a par¬ 
ticular, series of experiments, but varies from one series to another. 

Since the velocity coefficients fall off as the concentration of 
chromic acid is increased, it does not appear justifiable to apply 
^ any, of the methods for .determining the order of the reaction 
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wliicii are based oii varying diiutioiij since these assume that the 
velocity coefficient is intrinsically independent of concentration, 
whereas the course of the reaction may be disturbed by secondary 
causes. Thus the well-known formula of Noyes, 

m = 1 -f- log-^ 

6 . 2 / Oy 

is derived by integration from the differential velocity equation 
— dcjdt = Jcc^*\ on the assumption that the velocity h is in¬ 
dependent of the concentration. In some subsequent experiments 
it will be shown that chromium salts, which are a product of the 
reaction, have practically nO' effect on the velocity. It has been 
assumed that the action of chromium oxide (CroOy) on oxalic acid 
is practically instantaneous. This would be the case if the oxalic 
acid were in very large excess; but when the oxalic acid is not in 
very large excess this neutralisation may have a definite velocity, 
which would affect the kinetics of the whole reaction, producing a 
retarding effect on the chemical change. This is probably the 
explanation of the fall in the velocity coefficient with the increase 
in the concentration of chromic acid. 

In order to determine the temperature coefficient of the reaction, 
measurements were made at different temperatures. Typical 
examples of the results obtained are recorded in detail in Tables 
V and VL 


Table V. 


ffi/lO-oxalic acid and /200-chromic acid. 


Time in 

At 25°, 

C.c. of 


mimitos. 

Thiosulphate. 


0 

16-65 

— 

43-2r) 

11*25 

000393 

89 

7-55 

0-00386 

130-2“) 

5*35 

0-00378 

191 

3-3 

0-00368 

248 

2-05 

0-00367 


Mean .. 

. 0-00378 

0 

Table VI. 

At 35^. 

16*6 


2M5 

11-35 

0-00780 

41 

8-15 

0-00753 

73 

4-95 

0-00719 

90 

3-8 

0-00711 

ior> 

3-05 

b-00695 


Mean . 

. 0-00732 


Hence temperature coefficient for 10® 
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Til© r-esiilts of otlier measarements with oxalic ?t,nd cliroiiiic acirls 
at different temperatures are summarised below: 

iV/^O-oxalic acid and N/200-chi'omic acid. 


Temperature. Mean k\. 

25 ^ 0*000050 \ 

35"-* 0-00,12(i0 i 


1-05 


2>A'/20-oxalic acid and iV/‘200-clii'ouiic acid. 


:]rf 


0*0103 ^ 
0*0108 J 


iV/lO-oxalio acid and i\^/100”-chroinic acid. 


25^^ 0*003461 

40^^ 0*00006; 

50° 0*0162 »' 

60° 0*0279 1' 


1*90 

1*80 

1*72 


iV/20~oxalic acid and iV'/lOO-chromic acid. 


25° 

40° 

50° 

60° 


0*0005621 
0*00149 
0*00272 J 
0*00472 1' 


1*90 

1*83 

1*72 


Applying the Arrhenius formula, log/»:|//co = to 

th© results for (a) A/lO-oxalic acid and A/lOO-chroinic acid and 
(b) iV/20-oxalic acid and A/ICO-chromic acid, we obtain the 
following results: 




(") 


ib) 


■ A: 

= 2600 

A. 

A- 

= 2613 

Ternperaitiire. 

k (found). 

k (calc.) 

k (found). 

k (fUilc.)'' 

25° 

(0*00346) 

(0*00346) 

(0*000566) 

(0*000566) 

40° 

(0-00906) 

(0*00906) 

(0*00149) 

0*00272 

(0*00149) 

50° 

0*0163 

0*0163 

0-00270 

60° 

0*0280 

0*0281 

0*00472 

0*00476 

The next 

point investigated was 

the effect 0 ! 

sulphuric acid 


this reaction^ and measurements were made at different tempera¬ 
tures with different concentrations of sulphuric acid. The follow¬ 
ing is a summary of the results obtained: 

A/20-oxalic acid and F/lOO-chromic acid. 


Concentration of H3SO4... 0 N/50 N/20 NflO 

^ 3 , at 25° .. 0*000562 0*000796 0*00105 0*00128 

Concentration of H 2 SO 4 ... N/5 SN/B SN/6 4 /A 

1*1 at 25° . 0*00153 0*00149 0*000890 0*000357 
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if/lO-oxalic acid and iV/lOO-cliromic acid 

Concentration of H,SO,I 0 N/o 7 N >2 

.r. 0*00340 0*00044 0*00140 

Hence it appears that sulphuric acid at moderate concentrations 
accelerates the reaction, and in large excess retards it. 

Ill order to determine the temperature coefficient of the oxidation 
of oxalic acid by chromic acid in the presence of sulphuric acid, 
measurements were made at 40^^ and 50*^, and the following is a 
summary of the results: 


3iV^/20-oxalic acid, il^/lOO-chromic acid, and iV/5-snlphuric acid. 


Temperature. 


50 ° 


Mean 
0*014121 
0*0665 / 


1*86 


iV/lO-oxalic acid, iV'/lOO-chromic acid, and iV/5-sulphuric acid. 

25° 0*00644) , 07 

50° 0*0309 J 


iy/20*-oxalic acid, iY/lOO-chromic acid, and iV/lO-sulphuric acid. 


25° 

50° 


0*00128) 
0*00594 f 


1*85 


iy/20-oxaiic acid, iY/lOO-chromic acid, and iY/6-sulphuric acid. 


OKO 

50° 


0*00153) 
0*00699 / 


1*84 


The temperature coefficient of the oxidation of oxalic acid by 
chromic acid without sulphuric acid is T85. It appears, therefore, 
that the temperature coefficient remains unaltered in the presence 
of a small amount of sulphuric acid. 

In order to determine the temperature coefficient in the presence 
of an excess of sulphuric acid, measurements were made at 40®. 
It has already been pointed out that in large excess, sulphuric acid 
acts as a negative catalyst in the oxidation of oxalic acid by 
chromic acid. The results are summarised as follows: 

iV/lO-oxalic acid, iV'/lOO-chromic acid, and 7iV'/2-suIphuric acid. 


Temperature Mean 

25° 0*00140) 

40° 0*00591 j 


2*61 


iV'/20*oxalic acid and iV'/lOO-chromic acid. 

Concentration of HgS O' J O' Z N 8 iV/S 4 AT 

^at40° . 0*00149 0*00481 0*00318 0*00156 

Temperature coefficient 1*90 2*18 ^2*34 2*67 
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From the foregoing results, it appears that in the presence of 
an excess of sulphuric acid the temperature coefficient is larger 
than that obtained in its absence, and the greater the concentra¬ 
tion of the acid the greater is the value of the temperature 
coefficient. 

Effect of MtiiH/fn/esc Salta on the O^cidation of O.calic Acid irf/ 
Ohrotnic Acid. 

It has been oljserved that manganese salts markedly accelcriite 
the oxidation of oxalic acid by chromic acid. A stock solution of 
recrystallised manganese sulphate was prepared and staaidardised 
by precipitating the manganese as carbonate by aminoniuni 
carbonate. The precipitate was allowed to remain at about 80*^ 
for two hours, then collected, heated in a porcelain crucible, and 
weighed as Mn^O^. A/ 20 -oxalic acid and iV / 100-chron;iic acid 
were used in each experiment with different amounts of manganese 
sulphate, and measurements were made at 25®. 

Table VII. 

0’03926 gram of M. 11 SO 4 in 500 c.c. 


Time in 
raiiiiites. 

C.c. of 
thio¬ 
sulphate. 

(uniraoleoular). 

J-O (m/i). 

0 

31-3 

— 

_ 

14 

28* G 

0-00279 

0-20 

43 

22-1 

0-00351 

0-21 

75 

15‘95 

0*00390 

0-21 

100 

10-75 

0-00437 

0*20 

138 

(>•2 

0-00509 

0-18 


Table YIII, 

0*06544 gram of MnS 04 in 500 c.c. 


0 

31-3 

— 

___ 

15 

2G-0 

0*00470 

o-;u 

30 

21-5 

0-00544 

0-32 

50 

15-25 

0-00624 

0*32 

65 

11*4 

0-00675 

0*31 

85 

6-G 

0-00795 

0-29 


Table IX. 

0*13088 gram of MnS 04 in 600 c.c. 


0 

31*3 

_ 

—— 

11 

25-35 

0*00831 

0*54 

21 

19-42 

0*00987 

0-66 

31 

14-1 

0-01117 

0*56 

41 

9*35 

0*01280 

0-54 

52 

4-8 

0*01566 

0-51 
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Table X. 

0*19632 gram of M 11 SO 4 in 500 c.c. 


C.c. of 


Time in 
minutes. 

thio¬ 

sulphate. 

(iiniraoleeular). 

(x/l). 

0 

3L3 

— 

— 

9 

24-75 

0-01132 

0-73 

17 

17-95 

0-01420 

0-78 

2.5 

11-9 

0-01680 

0-77 

31 

8-1 

0-01893 

0*75 

37 

4-8 

0-0220S 

0-72 


Assuming that the velocity is proportional to the concentration 
of manganese sulphate, the course of the reaction may he repre¬ 
sented by the equation 

— f/cj jdt — . li, 

where Cj and represent the concentrations of chromic acid and 
oxalic acid respectively and h represents the concentration of 
manganese sulphate. If the concentration of oxalic acid is made 
large compared with that of chromic acid, the concentration of 
the former does not sensibly alter during the course of the reac¬ 
tion, and the equation takes the form 
_ dcj jdt = 

where hi=h,kc,fi if m — 1 , the reaction would be unimolecular, 
and on integrating we get ^‘1 = l/i^ logCo/cj, and, as a matter of 
fact, in the absence of manganese sulphate the reaction is 
unimolecular, as previously shown. If, on the other hand, m = 0, 
the expression becomes --dcijdt — h^ or e-^lt = k^, that is, if the 
velocity of the reaction were independent of the concentration of 
chromic acid, we should have const, or where 

= difference in the thiosulphate readings. 

In the foregoing Tables, the unimolecular coefficient and this 
new coefficient (x/t=: const,) are both set out, and it is seen that 
the unimolecular coefficient, far from being constant, increases 
notably with the time, whilst this new coefficient is almost constant. 
Hence it appears that in the presence of manganese sulphate, the 
velocity of the oxidation is independent of the concentration of 
chromic acid. 

Homogeneous reactions in which the velocity is independent of 
the concentration of one of the reacting substances are of rare 
occurrence. One case is described by Friend (T,, 1906, 89, 1096), 
who studied the reaction between hydrogen peroxide and potassiiiin 
persulphate and found that the velocity was independent of the 
concentration of the peroxide provided the latter was present in 
large excess. Another case has been investigated by Steele (T., 
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1907, 91, 1641), wW found tliat in the oxidation of liypoplios-* 
phorous acid by iodine in the presence of hydrogen ions the 
reaction-velocity is independent of the iodine concentration. 
Such behaviour is usually attributed to complications due to the 
occurrence of consecutive reactions, and in the present case it 
appears that the reaction occurs in two stages, one very much 
faster than the other, and that the chromic acid does not take 
part ill the slower or controlling reaction (compare Skrabal, 
ZeitscJiu anorg. Gheni.y 1904, 42, 1; Jablczyilski, ibid.^ 1908, 
60, 38). 

Although from the experiments recorded above it appears that 
the velocity of the oxidation of oxalic acid by chromic acid in 
the presence of manganese sulphate is independent of the con¬ 
centration of chromic acid, yet, when the concentration of man¬ 
ganese sulphate is exceedingly small, the reaction appears to be 
unimolecular. The following Tables will indicate the results 
obtained with very small concentrations of manganese sulphate. 


iV‘/20-oxalic acid and A/lOO-chromic acid at 25^ with 



Table 

XI. 

i 


Table 

XII. 


{a) 0-00393 

gram of 

(b) 0-00262 

gram of 


MnSO^ in 

500 

c.c. 


MnS 04 in 

500 c.c. 

Time in 

C.o. of 


ki (uni¬ 

Time hi 

C.c. of 

I'l (uni- 

minutes. thio- 


molecular). 

minutes. 

thio¬ 

molecular). 


sulphate. 



sulphate 


0 

31*3 


— 

0 

31-3 

— 

7o 

27-3 


0-000790 

86 

27-2 

0-000708 

138 

244 


0-000783 : 

100 

24-2 

0-000098 

188 

224 


0-000773 

240 

21-5 

0-(K)0(>79 

245 

20-35 


0-0007()3 

350 

18-35 

0-000051 


In the following experiments, the Joint effect of both suiphuric 
acid and inangaBese sulphate was studied at 25^. 


.iV/20-oxalic acid, A/lOO-chromic acid, and iT/20-suiphuric add, 


Table XIII, Table XIV. 

With 0*06544 gram of With 0*01309 gram of 


MnS 04 in 

500 c.c. 



MnS 04 

in 500 c.c. 


0 33-6 

— 

_ 

0 

33-6 

__ 


10 30-2 

0-00463 

0-34 

15 

31-35 

0-00200 

0*15 

30 21-0 

0-00680 

0-42 

37 

28-2 

0-00200 

0-15 

45 14-95 

0*00781 

0-41 

72 

23-6 

0-00213 

0-14 

03 8*95 

0-00911 

0-40 

132 

17-0 

0-00224 

0-13 

85 3*0 

0*01234 

0-36 

— 


— 

— 

Hence, even 

ill the 

presence 

of sulphuric 

acid the 

reaction 


velocity 'is independent of the concentration of chromic acid. 

In order to determine the temperature coefficient of the oxida- 
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tioii of oxalic acid by chroinic acia in the presence of manganese 
sulphate, measurements were made at varions temperatures. 

/ 20"Oxalic acid and iV/lOO-chromic acid were used in each 
experiment with different quantities of manganese sulphate. 


Table XY. 



With 0-02617 

gram 

of MnSO^ in 500 c.c. 



At 

25®. 




At 40®. 


Time 

O.c. 

h. 


Time 

C.c. 


in 

of thio- 

( unimole- 



in 

of thio- (unimole- 


minutes, sulphate, cular). 

h^(xjt). 

minutes. 

sulphate, cular). 


0 

83-3 

— 

— 


0 

33-3 — 


20 

30-28 

0-00206 

0-15 


8 

27-27 0-0108 

0-75 

50 

25-0 

0-00249 

0-16 


18 

19-95 0-0123 

0-74 

78 

20-65 

0-0026/5 

0-16 


27 

14'2 0-0137 

0-71 

115 

15-35 

0-00292 

0-16 


35 

9-68 0-0153 

0-68 

1^4 

10-4 

0-00351 

0-16 

j 

45 

4-9 0-0184 

0-04 



Mean. 

0*16 

i 


Mean. 

0-70 



Therefore 

07. 





Table XVI. 




With 0-7050 

gram of MnS 04 in 500 c.c. 




At 0°. 




At 25°. 


Time 

C.c. 

Am 


1 

1 

Time 

C.c. Aq 


in 

of thio- (imimole- 



in 

of thio- (unimole- 


minutes. 

sulphate, cular). 

kAxjt). 

j minutes, sulphate, cular). 

koixlt). 

0 

33-3 

-- 

— 


0 

33-3 -- 

— 

60 

26-9 

0-00154 

0-107 

4 

27-5 0-0207 

i-45 

120 

19-3 

0-00195 

0-117 

12 

12-65 0-0350 

1*72 

175 

14-05 

0-00214: 

0-110 

16 

7-8 0-0394 

1-60 

225 

10-9 

0-00215 

0-100 i 

20 

4-8 0-0420 

1-42 

275 

8-0 

0-00225 

0-092 

; — 


'— 



Moan ... 

.. 0-105 

1 

i 

Mean ... 

l-,55 


Therefore between 0” and 35° =2-93. 


As has been previously observed, in the presence of manganese 
sulphate the oxidation of oxalic acid by chromic acid is in¬ 
dependent of the concentration of the latter. Hence the reaction 
becomes of an order lower than that of the reaction in the 
absence of manganese salts. It is well known that reactions in 
which one or two molecules take part have larger temperature 
coefficients than those of reactions of higher order (compare 
Halban, Zeitsch, fhysihal. Ghem,^ 1909, 67, 129). 

The temperature coefficient of the oxidation of oxalic acid by 
chromic acid is 1*94 between 25^ and 40®, whilst in the presence 
of manganese salts it is 2*68’between 25® and 40° and 2*95 betweeii' 
0® and 25®, agreeing with other known examples. , 
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Effect of Other an I he (),et(lnttan aj 0,eif!n' Acid iii/ 

Ghroniic Acid, 

Siimiiiary of results obtained with iY/lO-oxaiic acid and ^V/IDO- 
chromic acid and different concentrations of inolybdic acid : 
Concentration of niolvbdie 

acid .*■ ... 0 0-00():? 0-0082 0-0L2G7 

at 25"" . 0-00352 0-00172 0-00145 O-OOOHO 

Tempera,tiira coefficient ... 1-02 1-09 2-0 2-05 

From the above figures it appears that the negative catalyst, 
molybdic acid, produces an increase in the value of the teinpera-- 
tiire coefficient. 

Summary of results obtained with ammonium molybdate as a 
catalyst with iV/lO-oxalic acid and iV/lOO-chromic acid: 

Molar concentration of 

molybdate . 0 0-000402 0-000926 0-002215 

at 25^ . 0-00352 0-00245 0-00180 0-0007(>6 

Temperature coefficient 1-92 1-99 2-01 2-08 

Summary of results with boric acid a-^ a catalyst with iV/lO- 
oxaiic acid and xV/lOO-chromic acid: 

Concentration of 


boric acid . 0 0-01434 0-0358 0-0710 0-216 0-422 

\ at 25*^ . 0-00253 0*00342 0-00317 0-00283 0-00207 0-00138 

Temperature 

coefficient . 1-92 1-95 1-99 2-0 2-11 2-24 


Both ammonium molybdate and boric acid are retarders. Ihe 
greater the retardation the greater is the value of the tempera¬ 
ture coefficient. 

Formic Acid and Chromic Acid, 

Formic acid can also be oxidised by chi’oniic acid; at equal 
concentrations the velocity of the oxidation of formic acid is 
decidedly smaller than that of the oxidation of oxalic acid. Hence, 
in measuring the velocity* at 25*^, fairly concentrated solutions of 
formic acid have been xised. The experimental method is the 
same as in the oxalic acid oxidation; since formic acid is volatile, 
especially at the higher experimental temperatures, tightly fitting 
stoppered Jena-glass bottles were used as reaction vessels. Kahl- 
baum’s pure formic acid was used throughout the measurements. 
From a concentrated stock solution of 15 litres, suitably diluted 
solutions were prepared. In this case, also, the free chromic acid 
in the reaction mixture was estimated from time to time by the 
iodometric method, and the amounts of sodium thiosulphate 
required are recorded in the tables. From comparative experi¬ 
ments it was first established that the presence of free formic acid 
or oxalic acid did not interfere with the accuracy of the estima- 
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tioii of cliromic acid by the iodometric method; as a rule, in the 
estimation of chromic acid by this method, an excess of hydro¬ 
chloric acid was used, and the velocity of the oxidation of formic 
or oxalic acid by iodine, especially in the presence of hydrochloric 
acid, is negligible. The velocity of the reaction may be repre¬ 
sented by the equation where and denote 

concentrations of chromic and formic acids respectively. 

Determ.lnation of ni. —In the following series of experiments, 
the formic acid used was in large excess, and hence the cpnceii- 
tration may be taken as practically constant during the course of 
the reaction; the velocity equation takes the following form: 
— dc^ldt = {kiWf)c^‘^^=^ where Hence the order of 

the reaction is the same as w. 

The results recorded in the following Tables were all obtained 


at 25°. 

Tablk I. , , Table II. 


(5-166 

i\'-formic acid and I 

' 3*083 . 

i\'-formic acid and 

N1 30“chromic acid. 

N1 30-chromic 

acid. 


C.c. of 

1 


C.c. of 


Time in 

tliio- 


Time in 

thio- 


minutes. 

sulphate. 

Zjj = 1 It log Co/c. 

minutes. 

sulphate. 

k,. 

0 

52-1 

— 

0 

52*1 

— 

05 

26-55 

0-00308 

135 

45*15 

0-000460 

135 

19-05 

0-00300 

285 

38*5 

0-000460 

200 

12-6 

0-00308 

ry2ry 

29*65 

0-000466 

275 

7-4 

0-00308 

1416 

11*55 

0-000462 

330 

5-0 

0-00308 

1817 

7*6 

0-000460 


Mean.. 

.... 0-00308 


Mean.. 

0-000462 


Table III. i 


Table IV. 

2*466 

iV-formic acid and 

2*966 

i\'-formic 

acid and 

N j SO-chvomic acid. i 

30-chromic acid 

0 

56-1 

_ 

0 

55*4 

_ 

240 

40*0 

0-000245 i 

155 

47-8 

0-000413 

475 

42-0 

0-000245 i 

335 

40-25 

0-000412 

1345 

26-6 

0-000241 

555 

32-8 

0-000410 

1907 

10*0 

0-000247 

1360 

15-2 

0-000413 


Mean.. 

.... 0*000245 


Mean. 

0*000412 


Table V. i 


Table YI. 

5*933 it'-formic acid and ; 

2*3733 zV~formic acid and 

i\^/30-chromic acid. j 

N /30-chromic acid. 

0 

56-1 

_ 1 

0 

56-1 

— 

83 

33-0 

0*00277 i 

247 

40*5 

0*000220 

3 30 

24*75 

0-00273 

; 504 

43-4 

0-000221 

170 

10*2 

0*00274 1 

1 1450 

27*0 

0-000210 

227 

13-3 

0*00275 

1990 

20*45 

0-000220 


Mean.. 

.... 0*00275 


Mean...... 

0-000220 
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From tlie foregoing results it appears tliat the values of 
calculated for m = l exhibit such a degree of constancy that the 
equation indicating a nnimolecular reaction may fairly be 
regarded as the appropriate one. Hence, in the presence of an 
excess of formic acid, the oxidation is a nnimolecular reaction. 

Defcrmination of n .—The ''isolation method'’ is also used in 
this oxidation. Supposing that and are the values of k\ 
(ill the equation obtained in two experiments, in each of 

which the initial concentration of chromic acid is the same, whilst, 
the concentrations of formic acid are different, say and e./j the 
following equations are ohtained: — h-^-' — whence 

}l = loC" — / loff 

» " I " 

On comparing the Tables I—VI, the following results are 
obtained: 

(1) (2) (3) (I) (5) 

Gonceiitratioii of 

formic acid ... 6-166 3-083 2-466 2-966 5-933 2-373 

Aq at 25°. 0-00308 0-000462 0-000245 0-000412 0*00276 0-000220 

It is evident that the value of decreases rapidly as> the con¬ 
centration of formic acid diminishes, which indicates a high value 
for the exponent n. The actual values of obtained by com¬ 
bining these results are 2*7, 2*8, 2*75, 2*96, 2*8, 2*85, 2*96, 2*75, 
2*84, 2*75, 2*8, 2*75, 2*8, and 2*76. It is seen that n approaches 
closely to the value 3, and the velocity coefficient Zq varies, there¬ 
fore, as the cube of the concentration of formic acid. 

To sum up, the oxidation of formic acid also is unimolecular 
with regard to chromic acid and termolecular with respect to 
formic acid, and consequently the whole reaction is quadri- 
molecular. The course of the change may accordingly be repre¬ 
sented by the equation 

H.Cr^Oy + 3H- CO.^H = Cr^O^ -f -i- SCO.. 

The action of chromium oxide (Cr 203 ) on formic acid may 1)6 
assumed to be extremely rapid and to be -without effect on the 
velocity of the reaction. From the kinetic measurejnents it is seen 
that only one molecule of chromic, acid takes part in the reaction, 
and consequently these measurements support the view that the 
formula of chromic acid is HoCrgOy and not H 2 Cr 04 ; had it been 
H.CrO^, two molecules of chromic acid should have taken part in 
the reaction (compare Batta and Dhar, .7. Am.er, Oheni. Soc,, 1916, 
38, 1303). 

In order to study the effect of change in the concentration of 
chromic acid, further experiments were made at 25°, the results 
of which may be summarised as follows; 
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AVitk 3*083 iV-formic acid. 

Coiieeiitration of chromic acid A^/]5 KI'M) N j^O 

25 °.... ... 0-000461 0-000462 0-000462 

With 2*966 W-formic acid. 

Concentration of chromic acid... N /20 N / 60 

/(^iat25° . 0-000413 0-000412 

Hence in this reaction, if we use an excess of formic acid and 
vary the concentration of chromic acid, we find that the 
uniinolecnlar coefficient does not change with the chromic acid 
concentration. In the presence of an excess of formic acid, there¬ 
fore, the reaction is strictly unimolecnlar and there are no dis¬ 
turbing factors. 

In order to determine the temperature coefficients of the reac¬ 
tion, measurements were made at different temperatures. Typical, 
examples of the results obtained are recorded in detail in Tables 
VII, VIII, and IX, 

Table VII. 

2*966 W-Formic acid and W/30-chromic acid were used in each 
experiment: 

At 40°. 


t, a-x. 

0 57-1 — 

105 42-3 0-00124 

195 32-5 0-00125 

300 24-5 0-00122 Table IV gives at 25°0-000412. 

425 17-25 0-00122 Therefore Av+io//u=2-07. 

495 14-05 0-00123 

Mean.. 0-00123 


Table VIII. 
At 50°. 


0 55-35 — 

40 43-95 0-00256 

90 33-05 0-00248 From Tables VII and VllI we get 

152 22-85 0-00252 between 40° and 50° — 

214 16-35 0-00250 2-02. 

266 12-0 0-00250 

Mean. 0-00250 


Table IX. 
At 60°. 


0 57-0' — 

37 37-7 0-00485 

71 26-9 0-00482 From Tables VIII and IX we get 

105 17-95 0-00477 between 60° and 60°=* 

153 10-7 0-00474 1-9. 

Mean.,..,. 0-0Q479 
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Appljdiig tile Arrlienius formula log . (1\ — l\j) / 

we get the value of A =3015. 


Temperature. (obs.), 

25° (0-000412) 

40'^ 0-00123 

50° (0-00250) 

iW 0-00479 


(calc.), 

(0-000412) 

0-000125 

(0-00250) 

0-00476 


Ill order to stuch^ the effect of change in the concentration. of 
formic acid on the temperature coefficient, measurements were 
made with different concentrations of formic acid and NjSO- 
chromic acid, and the results obtained are summarised below: 


5-933 A^-formic j 
acid j 

Temperature 

interval 

Temperature 

coefficient 

25—40° 

2-05 

40—00° 

1-91 


3-083 A-formic \ 
acid ^ 

’ Temperature 
\ interval 

i Temperature 
[ coefficient 

25—35° 

2-00 

23—50° 

2-03 


2-066 A^-formic 
acid 

[ Temperature 
) interval 

i Temperature 
( coefficient 

25—40° 

2-07 

40—50° 

2-02 

50—60° 

1-90 

1-186 A-formic [ 
acid 

1 

f Temperature 

1 interval 

\ Temperature 
[ coefficient 


40—50° 

2-01 

50—60° 

1-90 


From the above figures it appears that change in the concentra¬ 
tion of formic acid has no appreciable effect on the temperature 
coefficient. 

Effect of Sulphuric AckL —The effect of sulphuric acid was 
studied at various temperatures with different concentrations of 
the acid. Typical examples of the results obtained are recorded 
ill Table X. 


Table X, 

3*083 A-Formic acid, iV/30-chromic acid, and iV/6-suIphiiric 
acid. 

At 25°. At 50"^. 


L 

a~~x. 

kj. 

■ 

t. 

a - a;. 


0 

55-9 


0 

55-9 


117-5 

40-4 

0-00120 

24 

40-8 

0-00570 

219 

30-8 

0-00118 

44-3 

,31-2 

0-00572 

350 

21-6 

0-00118 

60 

25-4 

0-00571 

462 

15-6 

0-00120 : 

90 

17-1 

0-00571 


Mean..., 

... 0-00119 


Mean.,., 

..,0-00571 


Therefore , 
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Siimoiary of results obtained witli 3’083 T-fori)Uc acid and 
xY / 30-ciiromic acid : 


. Concentration of H.,S 04 . 0 iV/() A'/3 2j.V/3 

.Y.. 0000462 O-OOilO 000262 0-00003 

Temperature coefficient be¬ 
tween 25° and 50° . 2-03 1*87 1-86 1-84 


From the foregoing results it appears that in the presence of 
sulphuric acid the oxidation of formic acid by chromic acid is 
greatly accelerated and has a lower value for its temperature 
coofficientj and the greater the concentration of sulphuric acid the 
greater is the fall. Experiments were made with other concen¬ 
trations of formic acid, using sulphuric acid as an accelerator. A 
summary of the results obtained will be found in the following 
Tables. In each case 3"/30'chromic acid was used. 

Table XI. 


Conceutra- 


Concentra¬ 
tion of 
formic acid. 

tion of 
sulphuric 
acid. 

Mean 
at 25°. 

Mean ki 
at 50°. 


1-233 X 

0 

0*000055 

0*000330 

2*04 

1*233 N 

N/0 

0*000348 

0*00162 

1*85 

1*233 X 

iY/3 

0*000766 

0*00356 

1*84 

1*233 N 

3Y/5 

0*00161 

0*00724 

1*83 

0*616 JV 

0 

0*0000092 

0*000055 

2*04 

0*616 N 

N/6 

0*000144 

0*000673 

1*85 

0*616 X 

Y/3 

0*000320 

0*00148 

1*84 

0*610 A 

2AV3 

0*000748 

0*00340 

l*B3 

Concentra¬ 
tion of 
formic acid. 

Concentra¬ 
tion of 
sulphuric 
acid. 

Table XII. 

Mean ki 
at 25°. 

Mean ki 
at 40°. 

^£+lol^t‘ 

1*186 X 

0 

0*0000515 

0*000154 

2*07 

M86 N 

Y/5 

3Y/5 

0*000304 

0*000802 

1*91 

1*186 iV 

0*00122 

0*00317 

1*89 

M86 N 

6Y/5 

0*00373 

0*00948 

1*85 

0*593 N 

0 

0-0000084 

0*0000251 

2*07 

0*593 N 

NjZ 

0*000253 

0*000662 

1*90 

0*593 N 

19Y/15 

0*00112 

0*00291 

1-88 


From all these results it is seen that there is a slight fall in 
the temperature coefficient with the increase in the concentration 
of sulphuric acid. 

The next point investigated was the effect of manganese sulphate 
on the oxidation of formic acid by chromic acid. From, qualita¬ 
tive experiments it was observed that manganese salt was a 
retarder in this reaction, whilst it had been previously shown that 
it is a great accelerator in the oxidation of oxalic acid by chromic 
acid. — 
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Table XIII. 

Ai 50°. 

6'166 i\'-Farinic acid, iY/30-cliroinic acid, and 0'000164 gram of 
M 11 SO 4 . Yaliirae of mixture— 150 c.c. 


t. 

a—w. 

^*1- 

0 

5i-8 


20 

2S-08 

0-0133 

39 

i5-S 

0-0132 

77 

4-85 

0-0133 

S7 

30 

0-0133 


Mean.... 

... 0-0133 


/ji at 50° -witlioiit any manganese sulphate = 0'0177; hence this 
reaction is very susceptible to the retarding inliiieiice of manganese 
sulphate even in very small concentration. The following is the 
summary of results obtained with 6'166 iY-formic acid and 
iV/30-chromic acid at 50° with different concentrations of 
manganese sulphate: 

GramofMnS04 0 0*0001()4 0-01636 0-0654 0-0819 0-3272 

^iat50® . 00177 0-0133 0-00763 0-00675 0-00661 0-00627 

From the summary, it is seen that the greater the amount of 
manganese sulphate the greater is the retardation. 

The following is the summary of results obtained with 
3*083 A-formic acid and lY/30-chromic acid at 50°: 

Gramof MnSO,!... 0 0-0000164 0-000164 0-00164 

^iat50“ .. 0-00272 0-00264 0-00225 0-00154 

Hence it is seen that the oxidation of formic acid by chromic 
acid is extremely sensitive to the retarding influence of manganese 
sulphate, so much so that 0*0000164 gram of manganese sulphate 
in 150 c.c. appreciably affects the velocity coefEcients. 

In order to determine the temperature coeffrcient of the oxida¬ 
tion of formic acid by chromic acid in the presence of manganese 
sulphate, experiments were made at several temperatures. 
Typical results are given in the following Table. 


Table XIV, 

3*083 A-Formic acid, A/30-chromic acid, and 0*02617 gram of 
MnS 04 . Volume of mixture = 150 c.c. 


L 

0 

At 25°. 

a—x. 

44-0 



At 36°. 

a—a:. 


385 

37.15 

0-000190 

0 

54*75 

1366 

24-3 

0-000189 

190 

45-9 

0-000403 

1610 

21-88 

0-000188 

380 

38-7 

0-000396 

1815 

19-95 

0-000189 

1395 

15-2 

0-000398 

2870 

12-50 

0-000189 1 

1675 

11-8 

0-000397 


Mean. 

. 0-000189 


Mean...,. 

.. 0-000398 
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Tlierefore — 2*10; the temperature coefficient without, 

any manganese salt is 2*09. Hence in the presence of manganese 
sulphate the temperature coefficient remains unaltered. The 
following is a summary of the results obtained with 6*166 h^-foriiiic 
acid and .Y/SO-chromic acid with different concentrations of 
manganese sulphate: 


(tram of M 11 SO .1 . 0 0-0654 0-0810 0-3272 

l\at25° .. 0-00308 0-00115 0-00112 0*00106 

Temperature coefficient 

between 25° and 50° 2-03 2-03 2-03 2-03 


The following Table summarises the results obtained with 
2*966 iY-formic acid and iY/SO-chromic acid with greater concen¬ 
trations of manganese sulphate. 


Table XY. 


Grams of 

Mean ki 

Mean A’l 


MnSO^. 

at 25°. 

at 50°. 


0 

0-000413 

0-00250 

2-05 

M750 

0-000141 

0-000841 

2-04 

1-7625 

0*000122 

0-000734 

2-05 

2-3500 

0-000136 

0-000809 

2-04 

3-5250 

0-000138 

0*000810 

2-03 

5-8750 

0*000142 

0*000860 

2*05 

11-7500 

0-000172 

0*000970 

2*0 


It appears from the foregoing results that the temperature 
coefficient in the presence of the negative catalyst, manganese 
sulphate, does not change. Also it is seen that if the concen¬ 
tration of manganese sulphate is increased, the velocity coefficient 
fails off to a certain limiting value and then increases with the 
increase in the concentration of the catalyst. 

The joint effect of sulphuric acid and manganese sulphate on 
the oxidation of formic acid by chromic acid was also investigated 
at 50° 


Table XVI. 


1*233 iY-Formic acid and N/30-chromic acid. Volume of 
mixture = 150 c.c. 


(a) With 0-01309 gram of MnSO^. 


t. 

a-x. 

k,. 

0 

55*6 

406 

46*9 

0*000182 

1446 

30*5 

0*000180 

1920 

25-1 

0-000180 

3025 

15*85 

0*000180 

4325 

9-1 

0*000182 


Mean.. 

0*000181 


{b) With 0-01309 gram of MnS 04 
and V/3-suipliuric acid. 



a-x. 


0 

55*6 


41 

47*35 

0*00170 

121 

34*65 

0*00170 

265 

20*0 

0*00168 

331 

15*25 

0*00168 

413 

11-2 

0*00169 


Mean,...,..,. 0*00169 
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witiioiit any sulphate— 0*000330, whilst with .Y/O-siilpliurii! 
acid but no niaiigauese sulphate = 0*00356. Conserpieiitly even 
ill the presence of the accelerator, sulphuric acid, nianganese 
sulphate has a retarding effect. 

Next, the effect of manganese chloride was studied. The salt 
was purified by crystallisation from water. The following is a 
simiinary of the results obtained with manganese chloride as a 
catalyst and 3*083 N-formic acid and N/30-chroinic acid: 


Gonceiltration of MiiCl.> 0 O-OOIS 0*0090 0'0179 0*0359 

at 25°.b 0-0004C2 0*000205 0*000190 0*000179 0-000109 

Temperature coefficient 

between 25° and 40°... 2*06 2*10 2*11 2*12 2*14 

Concentration of MnCl, 0*0718 0*1795 0*359 0*718 

at 25°.b 0*000104 0*000180 0*000207 0*000300 

Temperature coefficient 

between 25° and 40°... 2*14 2*16 2*15 2*14 


Hence manganese chloride, like manganese sulphate, even in 
dilute solutions, produces a marked retarding effect on this reac¬ 
tion. If the concentration of the manganese salt is increased, the 
velocity coefficient fails off to a minimum and then increases with 
the increase in the concentration of the catalyst. ’ This peculiar 
behaviour of the catalyst in fairly dilute solutions (for example, 
the maximum concentration used is 0*718 N) is seldom encountered 
(compare Tubandt, 1905, 339, 41; 1907, 354, 259; 

1910, 377, 284). 

Moreover, it will be seen from the foregoing summary that the 
temperature coefficient in the presence of the negative catalyst is 
appreciably higher than that obtained without any manganese 
chloride. 

It is known that molyhdic acid is a powerful catalyst in some 
oxidations, and its effect on this reaction was studied, N/30-chroiiiic 
acid being used in each experiment. 


Molar con- 
Conceiitra- centration 
tion of of molybdie Moan Mean Ii\ 

foi'inie aeid. acid. at 25°. at 40°. 

2-966A' 0 0*000412 0*00123 

„ 0*005 0*000416 0*00125 


kt+w/kt, 

2*07 

2*08 


Hence molybdie acid acts as a weak positive catalyst on the 
oxidation of formic acid by chromic acid, whilst it has been shown 
previously that in the oxalic acid oxidation it is a negative 
catalyst. 

Sodium Formate and Iodine. 


Formates are easily oxidised by iodine at the ordinary tempera¬ 
ture, and this reaction ffias a conveniently measurable velocity. 
The course of the reaction is represented by the equation: 
H-C0.2Na 4-4=:Nar + HI + COa. 
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The liydrogen ions formed as a product of tlie cliange greatly 
retard the reactioiij and in order to avoid their foririatioii an 
excess of a salt of a weak acid (for example, sodiiiiii acetate) was 
always used; in this way the course of the reaction became 
regular. _ 

Ordinai'y pure iodine "was mixed with a little potassimii iodide 
and was allowed to sublime very slowly. This product was again 
sublimed. Schuchardt's pure sodium formate was recrystallised 
from water. A standard solution wms prepared by evaporating a 
measured volume of the solution in a platiniini crucible, heating 
the residue with sulphuric acid, and weighing the sodium sulphate 
formed. The potassium iodide used wms twice crystallised from 
water and dissolved in water free from oxygen. The solution of 
the iodide was standardised by v/eighing the silver iodide obtained 
from a known volume of the solution. 

In order to avoid loss of iodine by volatilisation, tightly fitting 
stoppered Jena-glass bottles were used as reaction vessels. From 
time to time measured volumes were withdrawn from the reaction 
vessel, which %vas placed in a thermostat at a constant tempera¬ 
ture, and •were allowed to run into ice-cold distilled water to stop 
the reaction, and the free iodine was immediately titrated by 
standard thiosulphate. The velocity of the reaction may be repre¬ 
sented by the equation — = where and are the 

concentrations of iodine and formate respectively. Since iodine 
dissolves very sparingly in water, in order to jprepare a moderately 
concentrated solution potassium iodide must be used. It. is well 
known that in a potassium iodide solution of iodine there is the 
following equilibrium, KI 3 " KI-pIo, and,tli-® greater part of the 
dissolved iodine exists as KI 3 . Hence, even if a large excess of 
sodium formate in comparison with the total iodine is not used, 
owing to the presence of potassium iodide, the concentration of 
free iodine is much diminished, and the concentration of formate 
is actually large in comparison with that of free iodine. Con¬ 
sequently the velocity equation takes the following form: 
^dcildt=:^(kc 2 ^)cf^==kiCj^\ where The order of the 

reaction is therefore the same as m. 

In the three following Tables 1*27 grams of iodine and 5*41S2 
grams of potassium iodide were used with different concentrations 
of sodium formate, and the measurements were made at 25®; the 
total volume of the mixture was 150 c.c. 


VOIi, CXI. 


Q Q 
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Table I. 

3’4004 drams of sodium formate, i 

Time in C.c. of 1/dogCo/c. 

minutes, thio- 

snlpliate. 

0 76-0 — 

24 68-0 0-00201 

60 57-6 0-00201 

91 49-65 0-00203 

141 41-0 0-00190 

174 36-i 0-00186 


Mean....,. 0-00196 


Table II. 


T7002 Grams of sodium foniiate. 


Tiino ill 

C.c. of 

i/dogcoi 

miimtes. 

tliio- 

siilpliate. 

0 

79-0 

— 

45 

71-1 

0-00101 

115 

60-6 

0-00100 

188 

51-95 

0-00097 

279 

43-5 

0-00093 

360 

37-4 

0-00090 

509 

28-7 

0-00086 


Moan. 

0-000945 


Table III. 


0'6801 Gi*am of sodium formate. 


0 

79-0 

— 

100 

72-3 

0-000385 

250 

03-3 

0-000384 

480 

51-9 

0-000380 

1440 

23-15 

0-000370 


Mean. 

0-000380 


In all tliese measurements 4*22 grams of sodium acetate were 
used in each experiment. In the Tables IV, V, VI, and VII 
0*635 gram of iodine and 2*7006 grains of potassium iodide were 
used in each observation at 25° with different concentrations of 
sodium formate, and the total volume was always 150 c.c. 


Table IV. 

6*8008 drams of sodium formate. 


0 

39*5 

—. 

10 

32-7 

0-00821 

25 

24-75 

0-00812 

52 

15-85 

0-00762 

78 

10-65 

0-00729 


Mean. 

0-00781 


Table VIC 


T7002 Grams of sodiimi formate. 

0 

39-5 

__ 

50 

31-5 

0-00196 

100 

25-3 

0*00193 

140 

21-5 

0-00188 

201 

17-15 

0-00180 

285 

12-6 

0-00174 


Mean.. 

0-00186 


Table V. 

3*4004 Grams of sorliiim formate. 


0 

39-5 


30 

29-7 

0-00412 

71 

21-2 

0-00380 

lOS 

16-2 

0-00305 

130 

13-6 

0-00356 


Mean.... 

0-00378 


Table VII. 


•6801 

Gram of sodium formate. 

0 

39-5 

_ 

100 

32-93 

0-000790 

200 

27-7 

0-000770 

390 

20*0 

0-000758 

520 

16-1 

0-000750 




0-000767 


Mean. 
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From tlie foregoing Tables it is seen tliat, in spite of a sliglit 
tendency to fall oi!^ the values of hi calculated for ?/i = l exliibit 
siicli a degree of constancy tliat tbe equation indicating a 
imiiiioiecular reaction may fairly be regarded as tlie appropriate 
one. 

Determination of n. —Supposing' that and are tlie values 
of /cj (in the equation ki = kD^) obtained in two experiiiieuts^ in 
each of wbicli the initial concentration of iodine is the sanies 
whilst the concentrations of sodium formate are dihereiitj say C 2 ^ 
and 6 * 2 til© following equations are obtained: = 

— whence n = Iog ^ llog^,. On comparing the fore- 

I c,2 

going Tables^ the following summary of results is obtained: 


A. 


|M-27 grams ol 

1-7002 

O-GSOi 

I iodiiiG and 5-4.132 
'1 grams of 

0-000945 

0-000380 

umii iodide. 

B. 


1 '0*035 gram of 

4 1*7002 

0-6801 

1 iodine and 2*7066 


Grams of foriiiatu 3-4004 
.. 0-00100 


Grams of formate 0-8008 

1 grams of potass- 
/q at 25° . 0-007S1 0-00878 0-00186 0-000767 Uum iodide. 


The actual values of n obtained in A are 1*05^, 1*02, and 0*99, 
and from B the values are 1*04, 1*03, 1*01, 1*02, 0*99, and 0*97. 
It is seen that n approaches closely to the value 1, and the velocity 
coefficient ki varies, therefore, directly as the concentration of 
sodium formate. 

To- sum up, the oxidation of sodium formate- by iodine is 
uiiiiiioleciilar with respect to both iodine and sodium formate, and 
consequently the reaction is bimolecular; this behaviour' is 
expected from the chemical ecjuation representing the change 
H«COoNa AI 2 = HI -f Nal + COg. 

From the foregoing summary of results, it will be seen that 
iodine ions retard the reaction, and the slight lowering of the 
velocity coefficients as the reaction proceeds is due to the con¬ 
tinued increase in the concentration of iodine ions, which are 
products of the reaction. 

On© peculiar point will be noticed, namely, that if there is a 
dediiite concentration of potassium iodide, the velocity coefficient 
does not depend on the concentration of iodine, but' if we- start 
with a definite concentration of iodine and increase'the concentra¬ 
tion of potassium iodide, the velocity coefficient falls off. This 
effect cannot b© explained from -the mass action equilibrium 

' Q Q 2 ' 
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Klg. Ill Table I we liave 1*27 grams of iodine and 
5’4132 grams of potassium iodide and at 25® 0*00196 ; and in 

Table Y we liave 0*635 gram of iodine and 2*7066 grams of 
potassium iodide and /uj at 25® = 0*00378. Tlie concentrations of' 
sodium formate in these two cases are equal, and according to tlie 
mass action equilibrium the velocity coefficient should be the same, 
eince the ratio of the concentrations of potassium iodide and iodine 
is the same in the two cases. This point has been thoroughly 
studied in the oxidation of sodium formate by mercuric cliloride 
in the presence of several chlorides. 

In order to determine the temperature coefficient of the oxida¬ 
tion of sodium formate by iodine, measurements were made at 
different temperatures. Typical examples of the results obtained 
are recorded in the following Tables. 


Table YIII. 

3*4004 Grams of sodium formate, T27 grams of iodine, and 
5*4132 grams of potassium iodide. Volume = 150 c.c. 


At 50®. 


t. 

a-x. 

Jcr 

0 

98-7 


4 

57-3 

0*0500 

8 

33-4 

0*0588 

12 ■ 

10-5 

0*0586 

10 

11-4 

0*0585 


Mean. 0-05S7 


. Table I gives l\ at 25"^0*00196; therefore betwoon 25® and 

50 ^ = 3 * 89 . 


Table IX. 

0*6801 Gram of sodium formate, T27 grams of iodine, and 
5*4132 grams of potassium iodide. Volume = 150 c.c. 


At 50®. 


t. 

a—x. 

k,. 

0 

98*7 


5 

86*35 

0*0116 

10 

75*7 

0*0115 

18 

62*05 

0*0112 

25 

51*8 

0*0112 

35 

40*7 

0*0110 


Mean.... 

0*0113 


Table III gives Iq at 25® 0-000390; therefore h+.Jkr between 

50®==. 3-88. 


25’"'’ and 
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Table X. 

6*8008 Grams of sodium fonuate, 0*635 gram of iodine^ and 
2*7066 grams of potassium iodide. Volume = 150 c.c. 



At 36°. 


t. 

a — x. 

h,. 

0 

39*5 


4 

29*3 

0*0325 

10 

19-0 

0*0318 

15 

13*55 

0-0310 

20 

10*05 

0-0298 


Mean. 

0*0313 


Table IV gives \ at 25® = 0-00781; therefore 

From file foregoing results, it is seen tliat tlie temperature 
coefficient of tlie oxidation of sodium formate by iodine is 4*01 
between 25° and 35° and 3*89 between 25° and 50°. 

It has already been observed that potassium iodide, or rather 
iodine ions, act as a negative catalyst in this reaction. In order 
to determine if there is any change in the temperature coefficient 
when the reaction is greatly retarded by potassium iodide, measure¬ 
ments were made at different temperatures with various concen¬ 
trations of potassium iodide. The results obtained are as follows: 


f Grams of potass- 

L7002 grams of sodium ium iodide 

fox'mat© and 0*3354 - at 25® . 

gram of iodine. Temperature 

I coefficient . 


I* 7002 grams of sodium I 
format© and 0*3354 - 
gram of iodine. 


'Grams of potass¬ 
ium iodide 

/jj. at 25® . 

Temperature 
coefficient ...... 


1*6952 

0*00297 


4*01 


15-3843 

0*000320 

4-11 


2*1708 9-9086 

0*000647 0*000470 

4*19 4-13 

31*8110 

0*000173 

4*02 


Hence, even in strongly catalysed reactions, the temperature 
coefficients are practically the same as those in the feebly catalysed 
ones. 

A few more experiments were made with different concentra¬ 
tions of iodine and potassium iodide, and the experimental results 
are simiinarised in the following Tables. 


Table XI. 

1*7002 Grams of sodium formate, 0*1677 gram of iodine. 
Volume = 150 c.c. 


Potassium 

iodide. 

Grams. 

Mean \ 
at 25®. 

Mean \ 
at 35®, 


0-8476 ' 

0*00556 

0-0220 

4-10 

9-0610 

0'000520 

0-00211 

4-06' 

29*8732 

0-000205 

0-000833 

4-06 

78-2402 

0-000112 

0-000413 

3-60 
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Taels XII. 

0‘6S01 Oraiii of sodiiiBi foriiiatej 0T677 gram of iodine. 
Yoliime^loO c.c. 


Potassium 




iodide. 

Mean 

Mean l\ 


Grams. 

at 25°. 

at 50°. 


0*8476 

0*00212 

0*0654 

3*95 

20*1080 

0*0001II 

0*00342 

3*93 

29*8732 

0*0000804 

0*00242 

:m)0 

40*2236 

0*0000573 

0*00152 

3*71 


Ill tlie resTiJiS last recorded in tliis, as ’’.veil as in tlie fo-regoiiig 
Table, tlie concentration of potassium iodide Y/as very great; com¬ 
plexities due to- clianges of viscosity niiglit have arisen and have 
caused the temperature coefiicieiits to be lower than the other 
values in the same series. In this case, we find that the leinpera- 
ture coefficient of the reaction does not change in the presence of 
potassium iodide. 

The effect of manganese sulphate was also studied, and the 
folioYving is a siimniaiy of the results obtained: 

Grams of manganese sulxdiate. 0 0*0524 0*1048 1*8882 

Value of at 25° . 0*00751 0*00740 0*00735 0*00634 

Grams of mamaaricse siilpbate G*294 12*588 18*882 37*764 

Valiio of/ji o,t 25° . 0*00478 0*00370 0*00286 0*00151 

Evidently tlie velocity coefficient falls of! as the concentration 
of liiangaiiese salt is increased. 


Sodima Formate and Mercvric Chloride, 

It is v;9]l known that formic acid and formates can be oxidised 
by mercuric chloride. The mechanism of the reduction of 
mercuric chloride by formic acid and formates has been investi¬ 
gated by Fortes and Riiysseii (Oonijft, rend., 1876, 82, 1504), 
Scala {Gazzeita, 1890, 20, 393), Lieben {Monatsh., 1893, 14, 750), 
etc. 

Recently Findlay and Davies (T., 1913, 103, 1554) and Liiiliart 
(/. Ainer, Gliem. Soc,, 1915, 37, 70) have also studied the problem, 
i From the ordinary method of chemical dynamics they have found 
that the velocity coefficients follow the bimolecular law. 

In order to determine the tempei*ature coefficient and the effect 
of catalysts on this reaction the following experiments were made. 

Since ordinary socliuni formate contains a little sodium 
carbonate, a solution of the salt wms carefully neutralised with 
pure formic acid, evaporated and orystallisecl. As a rule, the salt 
was twice crystallised from water and dried centrifugally. A solu- 
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tioii was prepared and was standardised by estimating tlie formic 
acid with, potassium permanganate, and this estimation was 
checked by evaporating a measured volume of iiie solution in a 
platinum crucible, heating the residue with sulphuric acid, and 
weighing the sodium sulphate formed. The other salts used were 
generally recrystallised twice. From time to time measured 
volumes were v^ithdrawn by means of a pipette fitted with a plug 
of cotton wool, to keep back mercurous chloride, and run into a 
known volume of potassium iodide; the excess of potassium iodide 
was then titrated against standard mercuric chloride. It was seen 
from preliminary work that this method of estimation -was quite 
accurate. 

The equation representing the chemical change is the following: 
SHgCis -f H-COoNa = 2HgCi + NaCl + HCl. 

The hydrogen ions formed in the reaction greatly retard the 
change. In order to avoid this, difficulty, 2*11 grams of sodium 
acetate vrere added to the reacting mixtures. 

The velocity of the reaction may be represented by an equa¬ 
tion of the form — where and represent 

concentrations of mercuric chloride and formate respectively. 

Determ.iWation of m. —In the following series of experiments, the 
sodium formate used was in large excess, and hence the concen¬ 
tration may be taken as practically constant during the course of 
the reaction. Hence the velocity equation takes the following 
form: — where hi^hcd\ The order of 

the reaction is therefore the same as m. 


Tablej I. 

18“3426 Grams of sodium formate, If/lO-merciiric chloride. 
Yolume = 150 c.c. (where J/=molar). 



At 25Y 

\ (imi- 

t. 

a—x. 

molecular). 

0 

16-65 

— 

48 

12-7 

0-00245 

75 

11-1 

0-00235 

111 

9-5 

0-00220 

160 

7-8 

0-00207 


Mean*,. 

0-00227 
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Table II. 

14‘0362 Grams of sodium 'formate^ J//15-merciiric chloride. 
Volume = 150 c.c. 

At 25^. 


t. 

a—x. 

h. 

0 

16-65 


■70 

12-5 

0-00178 

125 

iO-2 

0-00170 

168 

8-8 

0-00166 

216 

7-5 

0-00160 


Mean. 

0-00168 


Table III. 


At 40Q. 


t. 

a—x. 

h- 

'0 

16-65 


8-5 

12-4 

0-0150 

14-0 

iO-6 

0-0140 

20-0 

9-15 

0-0130 

25-0 

8-1 

0-0125 


Mean. 

10-0136 


Table IV. 

9T713 Grams of sodhini formate, Jf/lS-inerciiric chloride. 


Volume = 150 c.c. 

, At 25^. 


t. 

a—x. 

h,. 

0 

16-65 


105 

12-45 

0-00120 

165 

10-75 

0-00115 

250 

8-95 

0-00108 

310 

7-85 

0-00105 


Mean.. 

0-00112 



Table V. 



At 40°. 


t. 

a—x. 


0 

16-65 

..._ 

12-0 

12-75 

0-00965 

22-0 

10-5 

0-00910 

31*3 

8-85 

0-00877 

37-5 

7-9 

0-00864 


Mean. 


0-00904 
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Table VI. 

7’0i81 Grams of sodium formate, i¥/15-nierciiric cliloride. 
Volume == 150 c.c. 


At 25®. 


L 

a—x. 

/Cj. 

0 

13-34 

— 

61 

11-8 

0-00087 

150 

9-9 

0-00086 

255 

8-15 

0-00084 

550 

4-9 

0-00079 


Moan. 

0-00084 


Table VII. 
At 40®. 


t. 

a—x. 


0 

13-34 


14 

10-5 

0-00743 

28 

S-G 

0-00681 

35 

7-8 

0-00666 

56 

6-0 

0-00620 


Moan. 

0-00677 


From the foregoing Tables it will be seen that, in spite of a 
slight tendency to fail off, the values of k calculated for 
exhibit such a degree of constancy that the equation indicating a 
uniniolecular reaction may fairly bo regarded as the appropriate 
one. 

Determ,ination of n. —Supposing that and are the values 
of ki (in the 'equation obtained in two experiments, in 

each of which the initial concentration of mercuric chloride is the 
same, whilst the concentrations of sodium formate are different, 
say, 6 * 2 ^ and the following equations are obtained: 

h ' r ' 

k^^^ = kc 2 ^^'^', whence ? 2 . = log^^; log-^,-,. 

/pj Cg 

On comparing the results recorded in the foregoing tables, the 
following summary is obtained: — 

(1). (2). (3). (4). 

Grams of formate... 18-3426 14-0362 94713 7-0181 

kj_&t25^. .... 0-00227 0-00168 0-00112 0-000S4 

By combining these results, the actual values of n obtained are 
1T2, 1'02, 1*03, 0'95, 1*0, and 1*08. It is seen that'W approaches 
very closely to the value 1. Hence the, oxidation of sodium 
formate by mercuric chloride is unimolecular with respect to, both 
the reacting substances, and consequently the whole reaction is 

VOIA OXI* G a* , ^ 






736 


dhae: catalysis, part I¥. 


biraokctilar. Tlie equation representing the clieiiiical change 
shows it to he teriiioleciilarj and this inakes it probable that the 
reaction takes place in stages. 

In order to study the eflect of change in the concentration of 
mercuric chloride, further experiments were made at 25^, the 
results of which are summarised as follows: 


Witrii 7’0181 grams of sodixmi 
formate. 

Concentration 


ofHgCh. M/15 M/30 

7^1 at 25'".. 0*00084 0^00087 


With 9-1713 grams of sodium 
formate. 
Concentra.tion 

of HgCh. M/15 Jf/30 

7^1 at 25°. 0-00112 0-00116 


Hence the velocity coefficients increase very slightly with the 
decrease in the concentration of mercuric chloride. 

Temperature Coefficient of the Beaction .—From Tables II and 
III w© get Aq at 25° = 0‘00168 ana hi at 40 ° = 0 * 0136 . Hence, 
applying van’t Hoff^s equation, we obtain htj^iolht = 4 * 03 » 
Similarly, from Tables IT and Y and from TI and YII the 
temperature coefficient obtained is 4*02. It is rather striking that 
the temperature coefficient of the oxidation of sodium formate by 
iodine has practically the same value, namely, 4 * 01 . 

In order to determine the temperature coefficient between 40° 
and 50°, the following measurements were made: 


Table Till. 

3*3805 Grams of sodium formate and M/SO-mercuric chloride. 
Volmiie=150 c.c. 



At 40°. 




At 50°. 


t. 

a-a. 

h- ! 


t. 

a - so. 

fcr 

0 

8-32 



0 

8-32 


42 

6-3 

0-0028S 


10 

6-56 

0-0104 

90 

4-7 

0-00276 


25 

4-65 

O-OlOi 

139 

3-5 

0-00270 


39 

3-45 

0*0008 


Mean..*.,.... 

0-000278 


Mean......... 

0-0101 



Therefore 

=3-63. 




Applying the Arrhenius formula, we get A =5635 from measure¬ 
ments at 25° and 40°, using this value of A for the measure- 
menta at 40° and 50° we get =3*61, practically the same 

result as found experimentally. 

The effect of manganese sulphate on the oxidation of sodium 
formate by mercuric chloride was studied, and the results obtained 
are summarised below: 
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Table IX. 


9*1713 GrariiS' of 
Yolimi©~150 c.c. 

sodium for ill ate 

and M/lb~i 

ij ere uric 

Mann-anese 

suliDhate. 

Mean 

Mean hi 


Grams. 

at 25°. 

at 40°, 

ht-i-iojh, 

0 

0*00112 

0*00903 

4*02 

0*0202 

0*00111 

0*00897 

4-03 

0*0524 

0*00110 

0*00889 

4*03 

1*5735 

0*00098 

0*00792 

4*03 

3*147 

0*00089 

0*00718 

4*02 

4*7205 

0*00085 

0*00682 

4*01 

6*294 

0*00081 

0*00643 

4*0 

■ 9*441 

0*00070 

0*00500 

4*0 


Tims it appears that th© greater the concentration of manganese 
sulphate the greater is the retardation, and the temperature co¬ 
efficient in the presence of the negative catalyst is practically 
unchanged. 

From the foregoing Tables it will be seen that, even in the 
presence of sodiiini acetate, the velocity coefficient falls off as the 
reaction proceeds. It was suspected that it might be due to the 
increase in the concentration of chloride ions. Linliart {loc. cit.) 
observed that sodium chloride retards the reaction. In order to 
establish this further, measurements were carried out in the pre¬ 
sence of chlorides of several metals. Two series of ineasiirements 
with zinc chloride at 25° are recorded in full in the following 
Tables, and these show clearb/^ that in presence of an excess of 
chloride the unimoiecular velocity coefficient remains more con¬ 
stant than that obtained when no chloride is present. 

9‘1713 grams of sodium formate and J//15-iriercLiric chloride 
were used in each case, and the volume of the iiiixtiire was 150 c.c,: 

TxVble X. 


With l*096iV-ziiic chloride. 

l¥ith 0* 

yOiV-zinc chloride. 

t. 

a-x. 

ki. 

t. 

a-x. 

k,. 

0 

10*65 


0 

16*65 


1465 

13*1 

0-000071 

800 

13*1 

0*000121 

2820 

10*55 

0*000070 

1340 

11*5 

0*000120 

3960 

8*8 

0*000070 

2345 

8*65 

0*000121 

4945 

7*5 

0*000070 

3835 

5*8 

0*000119 


Mean. 

0*000070 

Mean. 

0*000120 


Further experiments were made with zinc chloride as catalyst 
at 25° and 40° and the results'obtained are summarised below: 

Concentration of ZnCi., 0 0*364 0*730 1*006 

at 25®...r 0*00112 , 0*000276 0*000120 0 000070 

Temperature coefficient* 4*02 4*16 .4*32 4*46 

a O*' 2 
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It appears from tlie foregoing siiiiiniary that zinc clilorkle produces 
a marked retardation in the reaction, and the greater the con¬ 
centration of zinc chloride the greater is the retardation and the 
greater the value of the temperature coehicieiit. 

The effects of calcium, stroutiimi, and sodium chlorides wei^ 
investigated. Instead of detailed results, the following sumiiiary 
is given: 


Table XI. 

9*1713 Grams of sodium formate and /15-mercuric chloride. 
Voliime = 150 c.c.: 


Concentra-l'-ioii 
of clilorido. 

Mean 
at 25°. 

jMeau 
at 40°. 

I 74 . 10 M 7 - 

0 

0*00112 

0*00904 

4*02 

0*4016 X-CaCI, 

0*000292 

0*00246 

4*13 

0*8032 

0*000142 

0*00123 

4*22 

1*205 

o-ooooso 

0*000732 

4*38 

1*6066 „ ■ 

0*000058 

0*000552 

4*49 

3*2134 

0*74 iV-SrCl, 

0*000020 

0*000195 

4*58 

0*000164 

0*00141 

4*20 

1-48 

0*000076 

0*000698 

4*39 

0*4914 iY-NaCi 

0*000296 

0*00246 

4*09 

0*7234 

0*000230 

0*00194 

4-15 

0*9826 

0*000163 

0*00138 

4*16 

1*085 

0*000154 

0*00133 

4*21 

1*4466 

0*000114 

0*00104 

4*36 


Siiininary of results obtained with maiiganes© chloride: 

Coiiceiitra.tion of ]\IiiCU 0 0-1722 0-430G 0-SGl, 1-722G 

I'iat25°.r 0*00112 0*000486 0*000207 0*00008 0*000025 

Temperature coefficient. 4*02 4*06 4*20 4*42 4*54 


All these chlorides produce a marked retarding effect; with 
equivalent concentrations tlie maximum effect is observed with 
zinc and manganese clilorides; both zinc and liiaugaiiese ions have 
been found to act as retarders in the oxidation of sodiuin formate 
by mercuric chloride. The temperature coefficient is always greater 
the greater the retardation. 

The effect of the change in the concentration of mercuric chloride 
was also investigated. Calcium, strontium, and sodium chlorides 
were used as retarders, and the concentrations of mercuric chloride 
were varied from i//7‘5 to J//50. Prom the experimental results 
it was seen that with a given concentration of the chloride the 
velocity coefficient was independent of the concentration of mer¬ 
curic chloride. If, however, the effect of the chloride be simply 
to form a complex with mercuric chloride HgClg + PCI —RTIgCl.^ 
(compare Le Blanc and ISToyes, loc. cit,), the velocity coefficient 
would naturally depend on the concentrations of mercuric chloride. 
It was also seen that the greater the concentration of the catalyst, 
the greater the retardation and the greater the value of the tern- 
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perature coefficient. Tli© retarding effect of cMorides on tMs 
reaction is provisionally considered to he catalytic. 

It has already been said that hydrogen ions retard the oxida¬ 
tion of sodium formate by mercuric chloride j hence it seems prob¬ 
able that only formate ions are active in effecting the rsdiictimi. 
In order to confirm this point, a few measurements were made with 
pure formic acid. The experimental procedure is exactly the 
same as with formates; the presence of free formic acid does not 
interfere with the estimation of mercuric chloride by potassium 
iodide. 

Table I. 

O'678 .T-formic acid and ii//30-mercuric chloride. 


t (time in 

At 25®. 

hj (uni- 

minutes). 

a—x. 

molocnlar). 

0 

8*3 

— 

4500 

7*25 

0*0000131 

12540 

6*2 

O*0000i01 

20890 

5*65 

0*0000080 


Mean. 

0*0000104 

t 

Table II. 

At 40®. 

a—x. 

h- 

0 

8*3 

— 

670 

7*0 

0*000110 

1500 

6*25 

0*000082 

2980 

5*5 

0*000060 


Mean. 

0*0000840 

Therefore 

4*02. 


The unimolecular velocity coefficient falls off owing to the 
accumulation of hydrogen chloride, which suppresses the ionisation 
of formic acid and at the same time forms complexes with mercuric 
chloride. 

In order to obtain comparable results, readings were taken for 
times of almost equal changes in different experiments (compare 
L© Blanc and Noyes, Zeitsch. physiJml. Chem,, 1890, 6, 389). The 
chemical equation for the change is: 

SHgClg H-COgH = 2HC1 + CO^ + 2HgCL 
The following is a summaiy of the results with formic acid and 
mercuric chloride: 

Concentration of formic acid... ,0*678 Z-356 2*032 , '4*064: 


..... 0*0000104 0*0000155 0*0000167 0*0000109 

Temperature coefficient.. 4*02 4*02 3*99 4*01 . 
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It will be seen that the velocity of the reduction of mercuric 
chloride by formic acid is much smaller than the velocity of 
reduction by sodium foruiate. of the same eoiiceritratioii. Moreover^ 
the velocity coeiiicient dees not increase proportionally with tli© 
increase in the concentration of formic acid. The electrical con¬ 
ductivity and freezing-point measiirenieiits of Novak (FhU. Mag.^ 
1SS7, [vjj 46, 9) show that, by doiihliixg the concentration of formic 
acid, a small iiicrement of formate ions is produced in the soki- 
tioiis, and this is corroborated kinetic measurements, which 
show that by doubling the coiiceiitratioii of formic acid we get 
only a small incrcnieiit in the value of the velocity coefficient, and 
kinetic measiireinexits also prove that only formate ions are active 
in the reduction; the undissociated formic acid is inactive so far 
as the reduction of mercuric chloride is coiicernecl. Moreover, the 
temperature coefficient of this reaction is 4’02, which is exactly 
the same, as that obtained in the reduction by formates; this shows 
that the processes of reduction of mercuric chloride b}^ sodium 
formate and formic acid are similar in nature. On the other hand, 
it has been proved before that the oxidation of formic acid by 
chromic acid is a quadrimoleciilar reaction, that only undissociated 
formic acid is active in this reaction, and that the temperature 
coefficient has the value 2'07. Evidently, even with the same 
reducing agent, the nature of the chemical change is totally 
different with different oxidising agents. 


Silve'}' Nitrate aad Sodium. Formate, 


It is well kiiowm that silver for very accurate work is iisiially 
prepared by tlie reduction of silver nitrate by formates, and this 
reaction is largely utilised in analytical chemistry. It seemed 
desirable to investigate the kinetics of the reaction. AVhen silver 
nitrate is added to a moderately concentrated solution of sodium 
formate at about 25°, there is produced at first a very slight 
opalescence due to the formation of silver formate; then after a 
few seconds the silver formate begins to decompose with the separa¬ 
tion of a black voluminous mass of ine.tailic silver. Then, in con¬ 
sequence of the presence of electrolytes, the volume of the reduced 
silver becomes less and less, and finally a small quantity of more 
compact grey metallic silver is obtained. 

The reduction, slow as it is, at 25° is quite measurable, even at 
that temperature. 

Standard solutions of purified silver nitrate and sodium formate 
were prepared. The experimental procedure is similar ,to that in 
the oxidation of formates by mercuric chloride. After given in¬ 
tervals of time, measured volumes of the mixture were removed 
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by means of a pipette fitted with a small filtering plug and laiii 
into an excess of a standard solution of sodiiim chloride. The 
excess of chloride was then titrated by means of a standard silver 
nitrate solution;, using potassium chromate or potassium arsenate 
as an indicator. In order to diminish the concentration of 
hydrogen ions, 2*11 grams of sodium acetate were used in each 
observation. 

The reaction velocity may be represented by an equation of the 
form - where Cj and Cg represent the concentra¬ 

tions of silver nitrate and sodium formate respectively, and m and 
n the number of these molecules taking part in the reaction. 

Betermination of m .—In the following series of experiments, 
the concentration of sodium format© was much greater than that 
of silver nitrate, and as this does not appreciably alter during the 
course of the reaction, the velocity equation takes the following 
form : 

- dcjdi = 

where — The -order of the reaction is the same as m. 

In the following Tables the amounts in c.c. of unchanged silver 
nitrate are recorded: 


3*4205 Grams 
Volume =150 c.c. 


Table I. 

of sodium formate and 

At 25° 


A/i5-silver nitrate. 


Time in 

ITnclianged 

‘*^2 

(bi molecular 

(unimoleci: 

minutes. 

silver nitrate. 

m=2). 


0 

13-3 

— 

— 

162 

11-2 

0-0000869 

0-000461 

449 

S'75 

0-0000870 

0-000405 

800 

6-9 

0-0000871 

0-000356 

1355 

5*2 

0-0000860 

0-000301 


Moan.... 

0-0000869 



Table II. 


9*1713 Grains 
Volume =150 c.c. 


of sodium formate and A/15-silver nitrate. 



At 25°. 


t. 

a—ss. 

(bimolecular) 

0 

13-3 

—, 

179 

8-9 

0-000208 

365 

6-6 

0-000209 

766 

4-25 

0-000208 

1436 

2-65 

^ 0-000210^ 


Mean. 

0-000209. 
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Table III. 
At 4 : 0 ^. 


L 

a—x. 

h,. 

0 

13-3 

— 

70 

7-15 

0-000010 

1S2 

4-15 

0-000911 

303 

2*85 

0-000910 

528 

i-S 

0-000010 


Mean. 

0-000912 


t. 

Table IV. 

At 50°. 

a—x. 


0 

13-3 

— 

19 

8-5 

0-00224 

38 

6-2 

0-00227 

64 

4-55 

0-00220 

177 

2-1 

0-00227 


Mean.. 

0-00226 


Table V. 



16*508 Grams of sodium formate and iY/lS-silver nitrate. 
Volume =150 c.c. 

At 25^^. 


L 

a—x. 


0 

13-3 

— 

172 

7-2 

0-000370 

327 

5-1 

0-000370 

617 

3-75 

0-000370 

1484 

1-6 

0-000370 


Mean. 

0-000370 


T. . .E VI. 

.tx.,; 40 ^. 


t. 

a—x. 

. 7%. 

0 

13-3 

— 

32 

7-9 

0-00161 

82 

4-8 

0-00162 

129 

3-55 

0-00161 


0-00161 


Moan. 
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Table VII. 
At 50^=^. 


L 

a — x. 

h,. 

0 

13*3 

— 

10*5 

8*5 

0*00404 

18*5 

6*65 

0-00406 

60*5 

3*1 

0*00409 


Mean. 0*00406 


Tk© values of calculated for 7/^ = 2 show sucli a degree of con¬ 
stancy tkat tk© equation indicating a bimoleciilar reaction may 
fairly he regarded as the appropriate one. The oxidation is evi¬ 
dently bimoleciilar with respect to silver nitrate, 

Detennination of n .—Supposing tkat k-/ and ar©! tk© values 
of Ii 2 obtained in two experiments, in each of wkicli tli© initial 
concentration of silver nitrate is tk© same, whilst the concentrations 
of sodium formate are different, say and Co/^ tk© following 
equations are obtained: Jc^ = whence 



On comparing the foregoing measurements recorded at 25^, the 
following summary is obtained: 


(1). ( 2 ). (3). 

Grams of formate*. 16*508 9*1713 3*4205 

at 25®. 0*000370 0*000209 0*0000868 


By combining these results, the values of 7i actually obtained 
ar© 1’09, 0*96, and 0*90. It is seen n approaches closely to the 
value 1, and consequently 1 molecule of sodium formate, takes part 
ill the reaction. The whole reaction is, therefore, teriiiolecular, 
bimolecular vrith respect to silver nitrate, and unimolecuiar with 
regard to sodium format© (compare Noyes and Cottle, Zeitsch. 
physihal. Chem., 1898, 27, 579), 

In order to study the change in the concentration of silver 
nitrate on the velocity coefficient of this reaction, further measure¬ 
ments were made at 25*^, and the results obtained are summarised 
below:' 

With 9*1713 grams of sodium formate: 

Concentration of AgNOg iV/15 JV/30 iV/50 

^aat26®. 0*000209 0*000212 0*000210 
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Witli 16*508 grams of sodium formate; 

CoiicentreAlon of AgNOg ... JV/IS NI?i0 

. ... 0-000370 0-000372 

Witli 3*4205 grams of sodium formate: 

Concentration of AglNOg ... NflB N 1^0 

h, at. 25" .... 0-0000869 0-0000870 

Evidently cliaiige in tlie concentration of silver nitrate lias prac¬ 
tically no iiifliience on tlie velocity coefficients, lieiice there is no 
distiirhiiig factor, and tlie reaction is truly termoleciilar. 

The clieniical equation for this reaction is: 

2 Agd^Os-f H*C0.2]Sfa = HjST O 3 + NaNOg + CO. + 2 Ag. 

Hence tlie reaction is simple and does not take place in stages. 

Temiiemtufe Coefficient ,—From Tables II, III, and IV we get 
ko at = 0-000209, k. at 40 ^ = 0 - 000912 , and h at 50°=0*00226. 
Hence by applying van’t Hoffis formula we get between 

25^ and 40® = 2*67, and between 40 ® and 50® = 2 * 48 . 

If the Arrhenius formula is used, the following results are 
obtained: 

t. (obs,). (calc.). 

25" 0-000209 (0-000209) 

40" 0-000912 (0-000912) 

50" 0-00226 0-00226 

A = 3977. 

It has been previously shown that the temperature coefficient of 
the oxidation of sodium formate by iodine and mercuric chlorido 
has the value 4-02 between 25® and 40®, and both these-reactions are 
bimolecular. Although the oxidation of sodium formate by silver 
nitrate is a miicli slower reaction than the other two, the temper¬ 
ature coefficient is much lower than those in the other cases. 
Evidently there seems to be a connexion between the order of a 
reaction and its temperature coefficient* , From this investigation 
it will be clear that under similar conditions iodine is better 
oxidising agent than mercuric chloride and the latter is a mucli 
better oxidising agent than silver nitrate. Evidently from kinetic 
measurements, under exactly similar conditions, we can compare 
the relative oxidising or reducing property of substances quite 
accurately. 

The elect of a manganese salt was studied. 

The results obtained with manganese sulphate as catalyst are 
summarised below: 
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9*1713 Grains of sodium format© and i\"/15-silv'er nitrate. 
Volume =150 c.c. 


Manganese 

siilpliate. 

Mean 

Mean 7c^ 

Temperature 

Q-rams. 

at 25°.“ 

at 40°.“ 

coefficient. 

0 

0-000209 

0-000912 

2-67 

0-0o24 

0-000207 

0-000905 

2-67 

i-5735 

0-000187 

0-000811 

2-66 

3-147 

0-000170 

0-000740 

2-66 

6-294 

0-000142 

0-000621 

2-67 

12-588 

0-000109 

0-000475 

2-60 


From the above figures it appears that manganese sulphate is a 
negative catalyst in the oxidation of sodium formate by silver 
nitrate. The'greater the concentration of the catalyst^ the greater 
is the retardation. This reaction, like the oxidation of sodium 
formate by mercuric chloride, is not so sensitive to the infiiience 
of traces of manganese sulphate as the oxidation of formic acid 
by chromic acid previously studied. Moreover, the temperature 
coefficient is the same as that obtained without any manganese 
sulphate. 

Mechanism of Chemical Change and Tem,peraPure-Coefficient. 

It is well known that temperature has a marked influence on 
til© velocity of reactions, the average value of the temperature- 
coefficient being about 2'5 for a rise of 10° in the case of non- 
actinic chemical changes. This exjionential increase of velocity 
with temperature cannot be explained from the mere increase in 
kinetic movement, for this should mean an increase of only about 
2 per cent, in the velocity of th© reaction for the same change of 
temperature. It is clear, therefore, that the temperature effect 
must be due to some influence' connected with the internal struc¬ 
ture of tile molecules taking part in the reaction. 

The plienomeiia of ordinary positive catalysis as well as photo- 
clieiTiical catalysis in IioniogeneO'US medium have made us familiar 
with the acceleration of reactions at constant temperature, and 
this must similarly,, be due to some effect connected with the 
structure of the molecules. 

It seems, therefore, probable that the effects of increase of tem¬ 
perature, of light, and of chemical catalysts in a reaction are 
intimately connected and are possibly identical in nature. 

As was, first suggested by Arrhenius (Zeitsch, CImn., 

1889, 4, 226), the effect of temperature has been ascribed to the 
existence of an equilibrium between so-called active and in¬ 
activemolecules, such equilibrium being sensitive to changes of 
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temperature; and iieiice a rise of temperature by briiigitig into 
existence more “ active molecules causes a reaction velocity very 
imicli ill exceSvS of wliat one would expect on a merely kinetic 
view. 

Arrlieniiis bas even deduced an expression d log k j dT = A j 
sliowing tlie effect of temperature in terms of a cpiaiitity wliicLi 
on this view is taken to be half the energy change involved in the 
transforination of one molecule of ‘'inactive^’ to active.^’ 

If such '"active” and ""inactive'' molecules exist, it appears 
reasonable to expect tliat a catalyst or light simply acts in shifting 
this equilibrium. Plainly if sufficient catalyst were added to 
change a relatively large amount of ""inactive" to ""active" mole" 
Gules or vice versa, it would follow that, when the catalyst is present 
in large quantities, the temperature coefficient should be smaller 
(in the case of positive catalysis) and greater (in the case of nega¬ 
tive catalysis) than that observed when the reaction is not cata¬ 
lysed or only feebly so. For, when much catalyst is present, the 
transformation from "" inactive " to "" active " in the case of positive 
catalysis would have already taken place, and therefore temperature 
should have less additional accelerating effect; the reverse would 
be the case in negative catalysis. This hypothesis can be tested by 
the experiments with chemical catalysts already recorded in this 
paper. 

In order to apply the hypothesis to photocliemical catalysis, the 
following investigations were carried out. Goldberg (.Ze/tseh, 
•physikal. Chem., 1902, 41, 1; ZeiUcK iviss. Fhotochtni,, 1906, 4, 
61), who studied the oxidation of quinine sulphate by chromic acid 
in light, found the temperature coefficient of the reaction to bo 
1*04 for a 10*^ rise in temperature. The temperature coefficient of 
tills reaction in the dark has been determined by the author iis 
described below. 

In 01 del to exclude light, ""resistance" glass bottles were 
thoroughly covered vnth a thick coating of "" club black enamel." 
This enamel can withstand hot water.fairly well, and light is com¬ 
pletely excluded by a thick coating. The chromic acid, which 
remained unchanged, was estimated by iodoine.tric measurement 
with standard thiosulphate; 



bhae: oatalysiSc paet iv. 


747 


Quinine and Chronric Ac'uL 
Table I. 

1*322 G-rams of quiniue siilpliatOj iY/SS-clironiic acid, and 
30i7/17-siil|>liiiric acid. Volume = 85 c.c. 



At 26°. 

ki (uni- 

t. 

a—x. 

inoleciilar). 

0 

8*15 

— 

450 

7-0 

0*000150 

1420 

4*95 

0*000152 

3210 

2*6 

0*000154 


Mean. 

0*000152 


Table II. 


At 60°. 


t. 

a~x. 

h. 

0 

8*12 


101 

5*9 

0*00137 

187 

4*5 

0*00137 

290 

3*2 

0*00139 


Mean. 0*00138 

Therefore temperature coefficient between 25° and 00® 

Table III. 

T322 Grams of quinine sulpliate, A/8o-clironiic acid, and 
60A/17-sulpliiiric acid. Volume=85 c.c. 


t. 

At 25° 

a—x. 

j. 

0 

8*15 

—, 

258 

6*9 

0*000281 

540 

5*75 

0*000280 

1590 

2*9 

0*000282 


Mean. 

0*000281 


Table IV. 

At 60°. 


t. 

a—x. 

h. 

0 

8*12 

— 

43*5 

6*3 

0*00254 

67 

5*5 

0*00252 

100 

4*5 

0*00255 

150 

3*37 

0*00254 


Mean. 

' 0*00254 


Therefore hi^iJh between 25® and 00®== 1*87. 
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Sulphuric acid only accelerates the reaction and was used by 
Goldberg ill liis \Tork. Tlie reaction, carried on in the dark, lias 
a higher Yalne (1*87) for its temperature coefficient than that in 
the light (1‘04) under similar conditio ns. Tims the acceleration 
caused by the positive catalyst (light) produces a marked lowering 
of the temperature coefficient. 


lodme and Potassium Oxalate. 

Ill a former paper (Dhar, Proc. K. Ahad. A'etensela AuisteTdam^ 
1916, 18, 1097) it was found that the oxidation of oxalates by iodine 
was very sensitive to light; light acted here as a strong positive 
catalyst. This reaction was investigated in diffused daylight and 
in the dark. Tiie reaction in the case of potassiiun oxalate may 
be represented by the equation 

KoGA + Ie 2ia-f 2GU. 

As ill the case of the formate oxidation, sublimed iodine was used 
and the potassium oxalate vcas purified by several recrystallisatioiis 
and carefully dried centrifugaily. The solution of oxalate was 
standardised by precipitating a knoivn volume as calcium oxalate, 
igniting in a platiiriirQ crucible, and weighing as lime. 

From time to time the iinclianged iodine was estimated by means 
of standard sodium thiosulphate. 

The velocity of tlie reaetion maj- he represented by an equation 
of the form —dc^jdt — lccp^^cp, where andc^ represent concen¬ 
trations of iodine and oxalate respectively. 

Determination of m .—In the following series of experiments 
the oxalate used was in large excess, and hence the concentration 
might be supposed to be practically constant during the course 
of the reaction; hence the velocity equation takes tlie following 
form: 

- de^jdt = {]ccp)cp^ = 

where The order of the reaction is the same as m. 

IleaMirejnents in the Dark at 50 °. 

Table Y. 

18'7080 CTrains of p»otassiiim oxalate, 0T677 gram of iodine, and 
0*8476 gram of potassiiun iodide. Yoluine=:150 c.c. 

(uiii- 


L 

a~c€. 

moieeiiiar). 

0 

14-S7 

__ 

90 

9'24 

0-0021g 

153 

6'6 

0*00218 

220 

4-7 

0-00220 

2S0 

S-4 

0-00223 


Mean. 

0-00218 
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Table VI. 

Grams oi' polfissiuni oxalat€, 0'i677 graiu of iodine^ and ' 
O'8476 gram of potassium iodide. Volume = 150 c.c. 


t. a—'x. Ic,. 

0 U-S7 — 

100 11 -r, 0-000907 

200 8-0 . 0-00097S 

485 4-8 . 0-000981 


Mean. 0-000975 


Table VII. 

4*6770 Grams of potassium oxalate, 0*1677 gram of iodine, and 
0*8476 gram of potassium iodide. Volume = 150 c.c. 


t. 

a — x. 

h,. 

0 

14*37 


245 

11*2 

0*000442 

500 

8*5 

0*000450 

725 

6*0 

0*000406 


Metui...,. 

. 0*000455 


From tlie foreging Tables, it will be seen that the values of k 
calculated for //i = l exhibit such a degree of constancy that the 
equation indicating a unimolecular reaction may fairly be regarded 
as thei appropriate one. 

1) liter ini n<iUofh of n. —Supposing that ¥i and are the values 
of hi (in the equation = obtained in two experiments, in 
eacli of whlclji tlie initial concentration of iodine is the same, whilst 
the concentrations of potassium oxalate are different, say and 
^ 2 ^^, the following equations are obtained: 

k ' € ' 

kf = kf' = ; whence n = log I log 

rC'i ' G., 

From the measurements recorded in the foregoing Tables, the 
following siiinmary of results is obtained: 

(1). (2). (3). f 0*1077 gram of 

I iodine and 0*8470 

Orams of oxalate 18-7080 0*354 4*677 1 gram of potassium 

Value of h at 50® 0*00217 0*000075 0*000455 {, iodide. 

Combining these results, the values of n actually obtained are 
1*1, 1*1, and 1*09, 

It is seen that n approaches very closely to the value 1. These 
results show that the oxidation of potassium oxalate by iodine is 
unimolecuiar with respect to both iodine and potassium oxalate, 
and consequently the whole reaction is bimolecular; this is quite 
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in accordance witli tlie equation representing the chemical 
change. 

In order to determine the temperature coefficient of the reaction 
in the darkj ineasnremeiits were made at different temperatures. 


Table YIII. 

18*7080 Grams of potassium oxalate, 0*1677 gram of iodine, and 
0*8476 gram of potassiniii iodide. Volume =150 c.c. 




At 25®. 





i. 

a — a:. 


7. 

'*1* 



0 

14*37 





7,015 

10*S 

0-0000177 



12,835 

8*4 

0*0000181 



24,000 

4*95 

0*0000193 




Mean. 

0*0000184 



Table IX. 



Table X. 



At 40°. 

1 


At 60°. 


1. 

a-ss. 

h. 1 

t 

a-o?. 


0 

14*37 


0 

14*37 

,— 

265 

11*65 

0*000343 i 

14 

10*0 

0*0113 

520 

9*35 

0*000358 ! 

31 

6*25 

0*0119 

1270 

4-9 

0*000367 i 

47 

3*9 

0*0121 


Mean...... 

0*000356 ! 


Mean. 

0*0118 


18*708 grams of 
potassium oxaiate, 
0*1677 gram of 
iodine, and 0-8476 
gram, of potassimn 
iodide 


Summary of Eesulis, 

I Temperature 8o° 40® 60® 

. 0*0000184 0*000356 0-00218 


60® 

O-OllS 


Hence his-iQlJct between 25*^ and 40^ = 7*25 between 40^ and 50^ — 
6*1, and between 50® and 60® = 5*4., It is seen that the tempera¬ 
ture coefficient of the oxidation of oxalates by iodine in the 
dark is quite large and is 7*2 between 25® and 40®, and falls off 
with increase of temperature. 

Applying the Arrhenius formula 
following results are obtained; A =7989: 


Tempera¬ 
ture. h (found). 

25® 0*0000184 

40® 0*000356 

'50® ' 0*00218 

60® 0*0118 


Is (calc.). 
(0*0000184) 
(0*000356) 
0*00219 
0*0121 
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Tlie same reaction was studied in diffused dayliglit. The reaction 
velocity was greater in diffused daylight than in the dark. 

In Diffused Daylight at 50*^. 

Table XIII. 

18*7080 Grams of potassium oxalate^, 0*254 gram of iodine, and 
1*0826 grams of potassium iodide. Volume=150 c.c. 

\ (uni* 

t, a—x, molecular). 

0 19-7 — 

65 13-8 0-00238 

170 7-75 0-0023S 

315 3-4 0-00242 

Mean. 0-00230 


Table XIV. 

9*354 Grams of potassium oxalate, 0*254 gram of iodine, and 
1*0826 grams of potassium iodide. Volume=150 c.c. 

/cj (uni- 


t. 

a—x. 

molecular). 

0 

19-7 

— 

90 

15-8 

0-00106 

210 

11-85 

0-00105 

341 

8-85 

0-00102 

480 

6-4 

0-00102 


Mean.... 

0-00104 


Table XV. 

4*677 Grams of potassium oxalate, 0*254 gram of iodine, and 
T0826 grams of potassium iodide. Volume=150 c.c. 


t. 

a—x. 

k,. 

0 

19-7 

— 

120 

16-9 

0-000555 

240 

14-6 

■ 0*000542 

360 

12-7 

0-000530 

480 

11-0 

0-000627 


Mean.... 

.. 0-000539 


Summary of Eesults, 


I 


0*254 gram of iodine and 
1*0826 grams of potass¬ 
ium iodide 


{ Grams of potass¬ 
ium oxalate 
hi at 60® .. 


(1). (2). (3). 

18*708 9*364 4*677 

0*00239 0*00104 0*000639 
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Conil'jiiiiiig tliese results, the values of n actually obtained aro 
1’2, r07, and 0-90. Heuce it is seen that n approaches unity. 
Consequently the reaction is iinimolecular with respect to both 
iodine and oxalate, and the order of the reaction is not altered in 
diffused light. 

In order to determine the temperature coefficient in diffused 
daylight, xiieasurenieiits were made at 25°. 



Table 

xYi. : 

Table XYII. 

18*708 

grams 

of potassium 4*677 

grams of 

potassium 

oxalatiBj 

0*254 gram of iodine, oxalate, 

0*2295 gram 

of iodine, 

and 1*08 

26 grains of potassium ; and 0*6492 gram of 

potassium 

iodide. 

Yolume 

= 150 c.c. 1 iodide. 

Yolume = 150 

c.c. 

t. 

o-jr. 

hi. " 1 t. 

a-x. 

kl. 

0 

19*7 

— i 0 

19*60 

— 

360 

17-9 

0*000114 ! 480 

18*9 

0*0000356 

1440 

13*55 

0*000113 1440 

17*45 

0*0000360 

2880 

9*5 

0*000110 11000 

8*0 

0*0000355 

Mean 

... ... 

... 0*000112 [ 

Mean . 

.. 0*0000357 


Smn7)Uirj/ of Eo^idts, 

1S-70S0 grams of potassium oxalate, f A. 

0*254 gram of iodine, and 1-OS20 - Temperature 25° 

grams of potassimn iodide [Value of hi 0'000il2 

4*677 grams of potassium oxalate, C B. 

0*2295 gram of iodine, and 0*0402 - Temperature 25° 

gram of potassium iodide [Vaiiie of hi 0*0000357 

*From rl : 

Temperature coefficient between 25° and 50° = 3*40. 
and from B: 

between 25° and 50° = 3*36. 

The temperature coefficient between 26° and 50° of tlie oxida¬ 
tion of potassimn oxalate hy iodine in the dark has the value 6’73; 
whilst in diffused light it is 3*4. 

Evidently the acceleration of the oxidation of potassium oxalate 
hy iodine in diffused daylight produces a lowering in the value 
of the temperature coefficient. 

Mercuric Chloride and Potassium Oxalate. 

It is well known that a mixture of an oxalate and mercuric 
chloride lias been utilised as an actinometer. Eder {Sitzungsher. 
K. Ahad. wiss. Wien^ October, 1879) has made a thorough study 
of this actinometer and has measured the amount of mercurous 


rjno 

0*00239 


50° 

0*000741 
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clilorid© obtained at various temperatures in tlie presence of light. 
His results show that the temperature coefficient for a rise 
between 0^ and 80° is 1'19. 

Ill tliei present investigation the velocity of this reaction at 
different temperatures in the dark was studied. The reaction 
being slow^ measurements were made at 79*6° and 99*6° with 
glycerol as the thermostat liquid. 

Since preliminary experiments showed that carbon dioxide, which 
is a product of the- chemical reaction, markedly accelerates the 
change. Both the reacting substances were saturated with carbon 
dioxide before mixing. As in the case of the oxidation of formates 
by mercuric chloride, definite volumes of the mixture were with¬ 
drawn from time to time by means of a pipette fitted with a plug 
of cotton-wool, and added to an excess of potassium iodide. The 
excess of potassium iodide was titrated against a standard solution 
of mercuric chloride. 


In the Dtirh. 
Tabj/u I. 
At 99*6° 


31*430 Grams of jioiassium oxalate and i¥/15-mercuric chloride. 
Volume = 150 c.c. 


t. 

a — iir. Aq 

(imimolecular). 

0 

13*3 

— 

58 

0*4 

0*00260 

140 

5*75 

0*00200 

270 

2-0 

0*00202 


Mean ... . 

.. 0*0020! 


Table II. 



At 99*6° 



15*715 Grams of potassium oxalate and Jx/lO-mercuric chloride. 
Volume=150 c.c. 



a—x. 


0 

13*3 

— 

142 

8*7 

0*00130 

280 

5*75 

0*00130 

418 

3*7 

0*00133 


Moan . 0*00131 
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Table III. 

At 99-6° 

7'S575 Grams of potassium oxalate and il//15mierciiric cliloricle. 
Volume = 150 c.c. 


t. 

a—x. 

h,. 

0 

13-3 


343 

8-0 

0*000643 

635 

‘ 6-0 

0-000646 

1060 

2-7 

0*000653 


Mean ... . 

.. 0*000647 


Table IV. 

At 79-6^. 

31 *430 Grams of potassium oxalate and i//15-merciiric cliloride. 
Volume = 150 c.c. 


t. 

a—x. 

7c,. 

0 

13*3 


415 

8-i 

0-00052 

610 

6*5 

0-00051 

925 

4*3 

O-OOOoS 


Mean . 0*00052 


Table V. 

At 79-6^. 

15*765 Grams of potassium oxalate and JZ/lS-niercurie cliloricle. 
Voliiiiie= 150 c.c. 


L 

a—x. 

h- 

0 

13*3 

_ 

570 

2-45 

0-0002G 

1380 

5-65 

0-00027 

1680 

4-0 

0*00028 


Mean. 

. 0-00027 


Table VL 



At 79*6V 



7*8575 Grams of potassium oxalate and if/15-mercurie cliloride. 
Volume = 150 c.c. 


t. 

a — x. 

7c,. 

0 

13-3 


1124 

9-5 

0-00013 

1555 

S-35 

0-00013 

2630 

5-7 

0-00014 


Mean ... 

... 0-000133 
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From tlie foregoing Tables it will be seen that, in spite of a slight 
tendency to rise-j tlie values of k calculated for exhibit such 

a degree of constancy that the equation indicating a uniiiiolecular 
reaction may fairly be regarded as the appropriate one. 

Determinaiioih of n .—Supposing that and are the values 
of hi (in the equation ki^kc^^) obtained in two experiments^ in 
each of wdiicli the initial concentration of mercuric chloride is the 
same, whilst the concentrations of potassium oxalate are* different, 
say and , the following ecpiations are obtained: 


kf ~ kc” = ; whence n - log ^ 

k-i 


log%' 


The measurements recorded in the foregoing Tables may, therefore, 
be employed in determining the value of n. 

On comparing, the following summary of results is obtained: 


At 99-6° 


(1). (2). (3h 

Grams of oxalato . 30*430 15*715 7*8575 

Value of . 0*00201 0*00131 0*000647 


Combining these results, the values of n actually obtained are 1, 
TO6, 1*02. It is seen that n approaches very closely to the value 1. 
Consequently the oxidation of potassium oxalate by mercuric 
chloride is imimolecular with respect to both the reacting sub¬ 
stances, that is, the whole reaction is bimolecular, although the 
chemical equation siio'ws it to be termolecular: 

2HgClo -j- K.C.O^=^2-EgOl -f 2KC1 + 2COo. 

The reaction probably takes place in stages. 

From Table I we get at =0*00261 and from Table lY 
Zq at 79*6^ = 0*00052; therefore by vanT Hoff^s equation we get 
=2*24. Similarly from Tables II and Y, also from III 
and YI, the temperature coefficients obtained are 2*20 and 2*21. 
Hence it is seen that the temperature coefffcient of the oxidation 
of potassium oxalate by mercuric chloride in the dark is 2*2, whilst 
in light it is 1*19. Light acting as an accelerator produces a con¬ 
comitant reduction in the temperature coefficient. 

There are a few cases on record where reactions have been 
investigated both in the light and in the dark. 

Brunner and Dliiska (BttIL Acad, Sci. Cracow, 1907, 707) have 
studied the bromination of toluene and found the temperature 
coefficient in light to be equal to T8, whilst in the dark it is 4*5. 

Plotnikov {ZeiUch, fhxjBikal, Ghem,j 1907, ,58, 64, 214; 1911, 
75, 385) also investigated two reactions and'found the following 
values: 
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Oxulaiion of Hydrogen Iodide hy Oxygen. 


Temperature coeixieient for 10^ rise 


III t!ie iiglifc. 
1-4 ' 


In the da.rk, 
2-86 


Action of Oxygen on Iodoform dissolved in B&n^jene or Alcohol. 

Ill the light. Ill tho dark. 

Teirijperatiire coeiricient for 10" rise 1*42 2*61 

Ill all these cases light acts as a positive catalyst and iiiarkediy 
accelerates the reactions. Evidently ^rlien there is acceleration 
produced by light v;e have a concomitant lowering of the tempera¬ 
ture coefficient, and the greater the acceleration the greater will 
he the lowering of the temperature coefficient of the light reaction. 

In reactions in which the velocity is greatly accelerated hy light 
we expect the value of the temperature coefficient to be'about r04 
to 1*39; but when light acts as a negative catalyst we should 
expect an increase in the value of its temperature coefficient. 

As a matter of fact, Traiitz (Physikal, Zeitsch., 1906, 7, 899) 
has shown that the oxidation of sodium sulphide and of pyrogallol 
by oxj^gen are retarded by violet light, and he has found the 
temperature coefficients to be 3*5 in the case of sodium sulphide 
and 2*4 in the case of pyrogallol. These temperature coefficients 
are much larger than those for photochemical reactions, in which 
light is an accelerator. 

Slator (Zeitsch. pliysihal. Glieni.^ 1903, 45, 513) investigated the 
chlorination of benzene in the presence of several chemical 
catalysts and of light. The reaction velocity in absence of any 
catalyst is very small. Of the three positive catalysts used in this 
reaction, iodine chloride, stannic chloride, and lerric chloride, the 
first was found to be the most effective, then stannic chloride, and 
lastly ferric chloride. The temperature coefiicients in the presence 
of these catalysts are as follows: ■ 


Catalyst ICl vSnCi, FeClg 

Temperature coefficient 

.. L05' Iffi 2-6 


Light also accelerates the reaction, and the temperature 
coefficient in the presence of light is 1*5. It is clear that the 
greater the acceleration produced hy a given catalyst, the smaller 
is the value of 'the temperature coefficient; the temperature 
coefficient of the reaction with the strong positive catalyst, iodine 
chloride, in the dark is much smaller than that of the reaction 
carried on in the light without any chemical catalyst.' A strongly 
catalysed reaction in the dark may have a very small temperature 
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coefFicieiit^ Just like a photochemical reaction. This is in harmony 
■with the hypothesis. 

Recent work of Padoa (AUi E. Acctuk Lincei^ 1916, [v], 25, ii, 
168, 215) has brought further evidence in favour of the hypothesis 
in question. He has studied the temperature coefficients of the 
action of inonochroinatic light on chlorine-hydrogen mixtures, on 
a photographic plate, and on some phototropic transfornaations. 
With the chlorine-hydrogen mixture the following temperature 
coefficients were obtained: 

White light, 1’29; green (A = 550—5301*50; blue 
(a = 490—4701*31; violet (a = 460—440), l*'2i; ultra-violet 
(A = 400—350), 1*17. 

Thus the value of the temperature coefficient increases with the 
wave-length of light. 'The chemical activity of these rays increases 
with the decrease of the wave-length. 

Exactly similar results have been obtained with the photographic 
plate and the phototropic transformations; the greater the intensity 
(and hence the acceleration), the smaller is the temperature 
coefficient. 

From a consideration of the ex|>eriinental verification of this 
hypothesis in the case of chemical catalysts, it is found that 
sulphuric acid markedly accelerates the oxidation of formic acid 
by chromic acid, and in this case the accelerating effect increases 
more rapidly than the accelerator, and if the concentrations of 
sulphuric acid are plotted as abscissse, and the corresponding 
velocity coefficients as ordinates, an exponential curve is obtained 
(compare Eosanoff, /. Ainer. Gliern, Soc., 1913, 35, 173). Accord¬ 
ing tO' ‘this hypothesis, the temperature coefficient in the presence 
of sulphuric acid should be less than that in the absence of the 
catalyst. As a matter of fact, all the experimental work with 
sulphuric acid recorded in the foregoing pages supports this deduc¬ 
tion. Here only one typical case is cited: 


3-0833 A-formio acid and 
Ar/30-chromic acid 


r Concentration of H 2 SO 4 
1 h+iJh between 25° 

I and 50°. 


0 

2-03 


^/6 

1-87 


NjZ 2i7/3 
1-86 1-84 


Hence we find that the greater the concentration of sulphuric 
acid, the greater is the fall in the temperature coefficient. 

On the other hand, manganese chloride is a negative catalyst in 
the oxidation of formic acid by chromic acid, and it has been 
proved that in the presence of this salt the temperature coefficient 
is appreciably higher than that in the absence of the catalyst. ' 
The oxidation of oxalic acid by chromic acid is retarded in the 
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presence of an excess of snlpimric acid, and tlie following results 
are obtained for tlie temperature coefficient: 


-V/20-oxalic acid and 
^/lOO'Chromic acid 


r Concentration of HoSO^ 
■ between 25® 


and 40° 


1-96 


3iV/5 SN/5 4IN 
2-18 2-32 2-66 


Thus sulphuric acid, acting as a negative catalyst, produces an 
increase in the temperature coefficient. Similarly in this oxida¬ 
tion boric acid, inolybdic acid, and ainmoiiiuni molybdate are 
retarders, and in their presence the temperature coefficient is higher 
than in their absence. 

In the oxidation of sodium formate by mercuric chloride, it has 
been found that chlorides are retarders, and in their presence the 
temperature coefficient is appreciably increased. By considering 
the case of manganese chloride: 


Concentration of MiiG0 0*1722 0*4306 0*8613 1*7726 

/*jat25° ...b. 0*00112 0*000486 0*000207 0*000081 0*000025 

Temperature eoefSeient... 4*02 4*06 4*2 4*42 4*54 

on© finds the retarding eSect increasing more rapidly than the 
retarder. Exactly similar results are obtained with zinc chloride. 

In the oxidation of sodium formate by silver nitrate, zinc and 
calcium nitrates have been found to be great retarders, and in 
their presence the temperature coefficient is higher than that 
determined in their absence. 

In the oxidation of sodium formate by iodine, potassium iodide 
is a retarder j the temperature coefficient does not practically 
change in the presence of potassium iodide. This is due, prob¬ 
ably, to the following reason. From the work of Taylor (Froc. 
So'^, Soc. Eclinuj 1905, 26, 231; 1908, 28, 461) on the viscosity 
of aqueous solution? the following results are obtained: 


Temperature. 

Viscosity of 
A'-potassimn 

Viscosity of 

iodide. 

water. 

0° 

0*854 

1*000 

15° 

0-583 

0-640 

25° 

0-467 

0-501 


The ratio of the viscosity, of water at 25*^ and 15*^ = 0*793, whilst 
that of iV-potassium iodide is 0*801. It is well known that 
the greater the viscosity, the smaller is the velocity coefficient 
of a reaction. Evidently in the presence of potassium iodide the 
ratio of the velocity coefficients at 25*^ and 15°, that is, the 
temperature coefficient, would be smaller than that obtained in 
"water. This effect is more pronounced with more concentrated 
potassium iodide solutions. In the presence of a large excess of 
potassium iodide, the experimental results show that the tempera- 
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lure coefiicieiitj instead of being higher, is actually lower tliaii tlie 
value obtained witli very dilute solutions. In tliese cases tlie 
cliaiiges ill viscosity more than counterbalance the eSect due to 
the change of ''active'' molecules into the "inactive" state, 

Lewis (T., 1914 105, 2330; 1915, 107, 233; 1916, iG9, 796) 
lias studied the hydrolysis of methyl acetate and sucrose in the 
presence of different concentrations of hydrochloric acid at 
different temperatures, but in both these cases the diixerence 
obtained in the temperature coefficients of a feebly and a strongly 
catalysed reaction is very small. His results may be explained in 
the light of the viscosity changes already indicated. 

On the other hand, the work of Clark (/. physical Chem,, 1907, 
11, 353), who has studied the accelerating efect of chromic acid 
on the interaction of bromic and hydriodic acids, and of Miiller 
{Bulk Boc. (Jhkn., 1911, [iv], 9, 185) on the accelerating ehect of 
hydrochloric acid on the action of iodine on sodium dithionate, 
shows that tlic temperature coefficient falls oil with the increase in 
the concentration of the catalysts. 

Moreover, Holmberg {Zeitsch. physikak Chem., 1912, 79, 146) 
has studied the action of- hydroxides of the alkali and alkaline 
earth metals on the hydrolysis of dibromosuccinic acid, and has 
found that the greater the acceleration the smaller is the tempera¬ 
ture coefficient. The vrork of de Bruyn and Sluiter (P'roc. E. 
Akad, Wetefisch. Amsterdam, 1904, 6, 773) on the transformation 
of acetophenoneoxime into acetanilide is also in favour of the 
hypothesis. 

This is practically ail the literature that is available at present 
to test this hypothesis. In spite of the fact that numerous 
catalytic reactions have been investigated, an examination of the 
literc, lure has shown that in very few cases have catalyst and 
temporature been varied simultaneously. 

Ill studying the kinetics of the reactions described in this paper 
the " isolation method" of Ostwald was always used. In the 
investigation of iiiultimokcular reactions this method has several 
advantages. By increasing the concentration of one of the react¬ 
ing substances ive can increase the speed sO' as tO' bring the reaction 
within the range of convenient experimental conditions. The 
oxidation of formic acid by chromic acid is a case in point. The 
study of the kinetics of the reaction is only possible by having an 
excess of formic acid; otherwise the reaction is too slow to measure 
its velocity. 

Moreover, by having an excess of one of the reacting substances, 
the cohcetitration of that reactant does not enter into the question 

4 the velocity, and hence the kinetics become much simpler. 

VOL. CXI. , H H 
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Altlioiigli tlie action of chroinic acid ou tormic acid is a qiiadri- 
niolecuiar reactioiij in tke presence of an excess ox tlie latter acid 
tke reactioE follows tlie iinimolecnlar formula and becomes quite 
.easy to investigate. 

Ill order to study the eSect of dilution on temperature™ 
coefficients^ tlie concentrations of tke reacting substances kave 
been widely varied. In tke formic acid oxidatioHj temperature 
coefficients liave been determined using different concentrations of 
foimic acid witli a definite concentration of ckroniic acid. 
Altlioiigii, by tlie cliaiige in tke concentration of formic acid^ tiie 
velocity coefficients kave widely different values, tke temperature 
coefficients remained practically tke same in all cases. Exactly 
similar results were obtained in tke oilier reactions investigated in 
tkis paper.. Evidently dilution kas no appreciable effect on tlie 
equilibrimii between active'' and inactive molecules. In an 
important paper Ilalban {ZeiUch. 'pliysihak Ohem.^ 1909, 67, 176) 
kas skown that unimoleciilar reactions kave larger-.iemperatiire 
coefficients tkan those of multimolecular ones. In addition to tk© 
cases enumerated by kirn, tke following are a few more examples 
ill favour of this view. Tk© temperature coefficient of the intra¬ 
molecular change of aeetobroinoamide lias tlie value 5’37 between 
16*^ and 25® (van Dam, Bee, trav. cJiim,, 1900, 19, 318), and 
Kreiiiami {Monatsh., 1910, SI, 245, 1051) kas skown tkat Ike 
temperature coefficient of the velocity of decomposition of etliyl 
hydrogen sulphate in water kas tke value 4*5 between 55® and 
65®. Also Rivett {Zeitsch. fliynkal, Ghem,^ 1913, 82, 201) kas 
obtained 3’27 for tke temperature coefficient of the change of 
acetocliloroanilide to p-ckloroacetanilide. Halbau’s view that reac¬ 
tions wliick are really multimolecular, but owing to^ Ike presence 
of one of tke iiigredients in excess appear to be luiiniolccular, have 
higher teinperature coefficients seems doubtful 

In, this investigation it kas been shown tkat tke oxidations of ’ 
formic and oxalic acids by chromic acid follow tk© luumolecular 
formula when an' excess of formic or oxalic acid is present. 
Although tk© reactions are unimolecular, tk© ternperatur© I 
coefficients are not high, tke values being 2*03 for formic acid and | 
1*94 for oxalic acid between the temperature interval of 25® and '' 
40®, It kas already been stated tkat change in tk© concentration 
of formic acid, for example, has no effect on tke' temperature 
coefficient. By increasing tke concentration of on© of tk© 
reactants, a bimolecular reaction can be mad© to appear as a 
unimolecular one; according to HalbaAs view, tk© same reaction '' 
will kave a temperature coefficient in tk© unimolecular condition 
different from tkat in tk© bimolecular state. Tkis is not 
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corroborated by experiineiitB. As a matter of fact^ tlie oxidation 
of potassium oxalate by iodine in tbe dark is a biiiioleciilar reac¬ 
tion, and bas tlie temperature coefficient 7'2 between 25° and 40°. 
Similarly, tbe bimolecular reactions^—^tke oxidation of sodium 
formate by iodine and by mercuric cHoride—bave a temperature 
coefficient, of 4"02. It appears, therefore, that the temperature 
coefficients of both bi- and uni-inoleciilar reactions can be higher 
than those of inultimolecular reactions. 

Ill a similar way Hirniak's work {Ghem. Zentr.^ 1914, i, 3) on 
the temperature coefficients of the reaction between diinethyl- 
aiiiiine and ethyl iodide can be easily explained. In this investiga¬ 
tion it has been shown that under exactly similar conditions the 
oxidation of oxalic acid by chromic acid has a greater velocity 
and smaller temperature coefficient than those of the oxidation of 
formic acid by chromic acid. Similar results have been obtained 
by Kremann (loc, cit.) and Hirniak Qoc. cit,). From their work 
it can be seen that, when the order of the reactions considered is 
the same, those with greater velocities have smaller temperature 
coefficients. All these facts, and the deduction of Skrabal 
Monutsh,^ 1914, 35, 1157; 1916, 37, 191) that immeasurably rapid 
reactions have a temperature coefficient of unity, can be easily 
understood on the basis of the hypothesis of active and 
inactive’^ molecules, since an immeasurably rapid reaction is 
possible when the number of active molecules are very large, 
and this being the case, temperature will have very little effect 
on this reaction. 

Recently a purely physical concept of active molecules has been 
introduced by Marcelin (Gompt. rend,, 1914, 158, 161) and Rice 
{Brit. Assoc. Bepo7^t^ 1916, 397). By treating the problem of 
reaction velocity from the point of view of statistical mechanics, 
they have correlated the reaction velocity with the temperature 
on the assumption that only those molecules react which reach a 
critical ” condition, in which they acquire a certain energy con¬ 
siderably ill excess of the average energy per molecule of the 
system. 

Rice^s equation is 

cl log h _ Vc — Vm 

where Vvi is the mean potential energy of the molecular group in 
question, sO' that Vc — Vm is the critical increment of energy 
necessary for the reaction. 

The forces involved ,are supposed to be electromagnetic, and 
therefore subject to modification due to change of radiation 
density produced by a catalyst. This leads to the .conclusion that 

" H H 2 
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a positive catalyst, by reducing Vc - Vm, increases k, but decreases 
dlogk/dTy and vice versa for a negative catalyst. Tiiese deduc¬ 
tions are in agreement Vvitli the experimental results brought for¬ 
ward ill this paper. 

Furthermore, in a recent experimental paper on the photo- 
clieniical changes occiirring in aqueous solutions of chloroplatinic 
acids, Boll (ai'h'/n Fliysicpie, 1914, [ix], 2, 5, 226) has concluded 
from his work that there exist intermediate active phases of the 
reacting laoleciiles. Goldschmidt {FhysikaL Zeiisch., 1909, 10, 
206, 421), from theoretical considerations, also draws a similar 
coiicliislcii. Moreover, the recent nmrk by Baly and bis pupils 
(T., 1908, 93, 2108/1912, 101, 1469, 1475) on the absorption 
spectra of coinpoiiiids has experimentally proved the existence of 
those very active phases of molecules as intermediate stages in 
chemical reactions such as advocated in this paper. 

In concliision, I offer iny hearty thanks to Professor J. O'. Philip 
for liis kind help, and to the Besearcli Fund Comiiiittee of the 
Chemical Society for a grant which met part of the expenses 
incurred in this research. 

lupnuiAL CoLLEOn OF Scisxcc AX£> Technology, 

London, S.IY. [Received, Juiio 2hst, 10i7.] 


LXIli.—nl Syntheds of IVop'/none. 

By Eobeut Eobinsox. 

Amokg the noteworthy achievements of Willstatter in connexion 
with his investigation of the' chemistry of tropiiie, there was 
notliiiig that contributed a greater share to the final solution of 
the problems encountered than the demonstration of the 
constitution of tropiiione, a ketone first produced in 1896 (Will¬ 
statter, 1896, 29, 396; Ciainician and Siiber, ihicL^ 490) by 
the oxidation of tropine, and later by a similar method from 
eegoiiiite (Willstatter, Ber,, 1898, 31, 2655). This substance has 
become the central figure in the atropine group of the alkaloids, 
and, as shown below, may be regarded as the natural starting point 
in the synthetical preparation of a number of bases of great value 
in the practice of medicine and surgery. 
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Tropino 

reducl ion 


Tropin 


Isn 

-> 

co;» 



ilz-Tropme 


Atropine Homatropiiie 


Y ^ 

Tropacoeaine 


Tropiiionoeai'box vl ic acid 


'/■-Ecsi’oiiiiie 


■t ^ 

r~Oocaine. 


An examination of the details of the reactions involved in the 
above shows that it is improbable that cocaine would be 
synthesised from artificial tropinoiie, and that the feasibility of 
the preparation of atropine would depend on the elaboration of 
improved methods for the production of tropic acid. On the 
other handy given readily accessible tropinoiie, the technical pre¬ 
paration of lioinatropine and tropacocaine would be a compara¬ 
tively simple matter. By reason of the richness of the field of 
chemistry explored, the synthesis of tropino by Willstatter 
(Annalen, 1901, 317, 204; 1903, 326, 1) is classical, but the 
method employed, which it is unnecessary' to recall in all its 
details, appears to be of too complicated a character to admit of 
development into an economical process. It is first of all neces¬ 
sary to obtain subeioiie, which is then converted through several 
stages intO' cyc^oheptatriene, and finally into tropidiiie, i//-tropiiie, 
tropinone, and tropine. 

Nevertheless, an inspection of the formula of tropinone (I) dis¬ 
closes a degree of symmetry and an architecture which justify 
the hope that the base may ultimately be obtained in good yield 
as the product of some simple reaction and from accessible 
materials. By imaginary hydrolysis at the points indicated by 
the dotted lines, the substance may be resolved into succindi- 
aldehyde, methylaniine, and acetone, and this observation sug¬ 
gested a line of attack of the problem which has resulted in a 
direct synthesis.' 


CH, 


X ..1 . 

OH, t 

{ NMe CO 
CM, I 

\ 'i. 


'-OH- 




2 


(h) 


cIj, 


OH-C:CH-0,HvO^:CH, 


OH. 

\ 


NMe 00 


\gh— 

(ih) ' ■ 
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In searcliing for a itietliod of syntliesis of any substance, it is 
always convenient tO' be able to recognise the forraation of traces 
of the desired product, and in the present instance none of the 
derivatives of tropinone already prepared v^as found to be so 
suitable for its detection as the dipiperonylidene derivative (II), 
which does not appear to have been hitherto described. With 
the aid of this highly characteristic compound it was proved that 
tropinone is obtained in small yield by the condensation of 
siiccindialdeliyde wdth acetone and niethylainine in aqueous solu¬ 
tion. An iiii pro vein ent followed on the replacement of the acetone 
by a salt of acetonedicarboxylic acid. The initial product is a 
salt of tropiiioiiedicarboxylic acid, and this loses two molecules of 
carbon dioxide with the formation of tropinone when the solution 
is acidified and heated. 




CM, 


CH, 




"^ceo 


^CH-OH CUs-COaCa 

CH^ 

1 NMe +00 

OHg 

'^OH-OH OH^-OO.ca 


^OH-Cfl-COaCa 


OH, 


OH, 

f.\ 


'iS-Me 00 +2HC1 


\CH-0H-00,ca 


/OH 

/A 1 

OH, 


CHp 


OH,3 

I 

NMe 00 

I I 

OH-OH, 


+ CaCl2 
+ 2002 


Tropinone was also obtained by the hydrolysis of the product 
of condensation of siiccindialdehyde with ethyl acetonedicarb- 
oxylate and metliylamine in alcoholic solution. When more 
material is available it is hoped to institute a series of , experi¬ 
ments with the object of defining the optimum conditions of the 
synthesis, and it will then be possible to, state with more exact¬ 
ness the maximum yield obtainable. However, in spite of the 
small experience so far gained, an experiment is described in which 
the yield of dipiperoiiylidenetropinone from succindialdehyde was 
42 per cent, of that theoretically possible. The method of 
synthesis of bicyclic bases which has been developed is probably of 
general application, and an attempt will be mad© to synthesise 
i^-pelletierine by the condensation of glutardialdehyd© with 
methylamine and a derivative .of acetone. 
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Espeeimental, 

Bipiperonyliden-etropin one (Forimila II), 

Potassiiiiii liydroxide (5 grams) dissolved in water (20 c.c.) was 
added to tropdnoiie (2 grams) and piperonal (6 gTams) dissolved 
ill alcoliol (100 C.C.), and the solution v\ras then "boiled tinder refnix 
during fifteen niiiiiites. The derwative crystallised during the 
course of the reaction, and, after the addition of water, was 
collected, washed with water and alcohol, and crystallised from 
ethyl acetate. The yield was quantitative: 

0*1139 gave 0*2991 CO^ and 0*0543 HgO. C-TTfi; H = 5*3. 

Cg 4 ll 2 i 05 N requires C~71*4; H = 5*2 per cent. 

Dijnperonyliclenetropmone separates from ethyl acetate in 
bright yellow needles melting at 214°, and is sparingly soluble in 
most organic solvents. If it is nibbed on the side of a test-tube 
and siilpliiiric acid added, the substance acquires a coppery lustre 
and then passes into an intense royal-blue solution. This becomes 
green and finally yellow on dilution with water. The salts of the 
substance are in general sparingly soluble, but the acetate dis- 
""■ibrves readily in water to a bright orange-yellow solution. Yellow, 
crystalline precipitates of corresponding salts are obtained on the 
addition to such a solution of hydrochloric, hydrobromic, nitric, 
sulphuric, oxalic, or picric acid. The hydrochloride crystallises 
from hot water, in which it is sparingly soluble, in yellow, micro¬ 
scopic needles. The substance is decomposed by hydroxylaiiiine in 
boiling alcoholic solution with the formation of piperonaloxime, 
and presumably of the oxime of tropinoue. 

The formation of the dipiperonylidene derivative serves as a 
means of detection of the merest traces of tropinoue, and the test 
may be applied in the following manner. A solution which it is 
suspected contains the base may first be acidified and evaporated 
ill a vacuum in order to remove possible volatile neutral impuri¬ 
ties, such as acetone. Alcohol, an excess of piperonal, and 
potassium hydroxide are then added, and the ^solution heated on 
the steam-bath for two or three minutes and then poured into 
ether. The ethereal solution is washed with water and separated, 
and then agitated with a little dilute hydrochloric acid. If 
tropinoue is present, the hydrochloride of the derivative is so 
obtained in a crystalline condition. 
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Syiithe-^is of Tropinone jrovi 8uccuifiiohholii/(h\ Mdhphtnunci^ aiul 

Acetone. 

In tills reaction, wliicli lias not yet been siiilcieiitly investi¬ 
gated, it seemed tliat tlie tropinone could be detected, after 
tke expiration of a brief period from t'lie time of addition of tiie 
iiietliylainine. If tbe reaction mixture was allowed to I'-emaiii 
overnight^ ot-lisr iiasie ketones were obtained 'vvliicli condensed witli 
piperoiial and interfered with the recognition of tlie desired pro¬ 
duct. Siicciiidialduxime (7 graijis) stispended in water (30 c.c.) 
was eonyerted into siiccindialdeliyde by means of nitrous fumes 
generated from nitric acid (I) 1*3) and arseuioiis oxide according 
to tlie inetbod developed by Harries 1901, 34, 1494). 

Water (50 c.c,) was tlieii added, anid tlie nitrons and nitric acids 
neutralised by means of an excess of precipitated calciinii 
carbonate. After tbe addition of acetone (5 grains), and tlien 
nietbylamine (4*5 grams) dissolved in v/ater (20 c.c.), tbe mixture 
was allowed to remain during lialf an liotir. Tbe solution was 
acidified with b 3 ?’drocbloric acid and tested for tropinone by the 
nietbod described above. Tbe small quantity of tlie crystalline 
bydrocbloricle was collected, treated witli a little acpieons ainmoiiia, 
and tlie base crystallised from etliyl acetate. Tlie yellow needles 
melted at 214*^, and at tbe same temper.atnre vdieii mixed with a 
specimen of dipiperonylidenetropiiioiie. Tbe colour reactions of 
tbe two specimens in concentrated siilpbiiric acid were identical. 


Spnthe.A.? of fropinone from Snc(AndiaMeh/de, Mctkylmnine^ 
and Bthf/I A cet07iedicatho,relate. 

rt-Sticcindialdebjdo (1 gram) and etbyl acetonedicarboxylate 
■(2’5 grams) were dissolved in alcohol (20 c.c.), and, after cooling 
ill ice-water, a sokition of inetliylainine (0*5 grain) in alcobol (10 
c.c.) y/as gradually added during an bour. 'After remaining over¬ 
night at tbe ordinary temperature, tbe alcohol was removed by 
distillation in a yacuuin, and tbe residue boiled with dilute^ 
sulphuric acid for half 'an hour and then evaporated in a high 
vacuum to' small bulk. Potassium hydroxide was then added in 
excess, and tbe mixture distilled in a current of "steam. The 
distillate was exactly neutralised with hydrochloric acid, concen¬ 
trated, and tbe tropinone contained was identified as-in tbe former 
example 'by conversion into tbe dipiperonylidene derivative, as 
described above. ' In this case also tbe identity of tbe synthetical 
product was, established by tbe method of mixed melting points. 
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Syntlitsin of Tropi-noue fro?u Svccindialdeliyde^ Meihylaminey 
and Calcium Acetonedicarhoxulate hi Aqueous Soiuiio?i. 

iSiicciiidiakloxime (3*5 grariis) was converted into dialdeliyde in 
tile usual iiiaiineiy and after ttie neutralisation witli clialk tlio 
solution was mad© up to' 40 c.c. and mixed witli acetonedicarb- 
oxylic acid (4 grams) dissolved in water (20 c.c.) and neutralised 
by til© addition of calcium carbonate. Metliylamiiie (from 
8 grams of the iiydrocbloride) in water (10 c.c.) was tben gradii« 
ally addeclj and tlie w^bole allowed to remain at tlie ordinary 
temperature during fifty hoars. The liquid was filtered^ acidified 
with hydrochloric acid, and concentrated in a vaciiiini, using a 
large fiask on account of excessive frothing. The residue was 
then rendered alkaline v/itli sodium hydroxide and distilled in a 
current of steam until the distillate was neutral to litmus. This 
solution was then acidified with hydrochloric acid^ concentrated 
in a vacimiiij and, after the addition of sodium hydroxide, 
repeatedly extracted with ether. The combined ethereal extracts 
were dried over potassium hydroxide, somewhat rapidly in order 
to avoid the formation ox salts, and the solvent removed by dis- 
_^iJlatioii. The residue gradually crystallised, oily impurities were 
removed by contact v/ith porous porcelain, and the substance was 
recrystallised from light petroleum (b. p. 50—60°). Long, 
flattened, pointed, colourless needles were obtained melting at 42°, 
and at the sain© temperature when mixed with an equal quantity 
of tropiiione v/hicli had been obtained by the oxidation of tropine. 

In every respect the two specimens were identical. For further 
comparison the picrate was prepared. It crystallised from water 
in canary-yellow needles melting and decomposing at 218—220° 
alone or when mixed vvuth tropinone picrate, which had in this 
case been obtained by the oxidation of ecgonine. 

The oil separated from the crystalline base was recovered from 
the plate by extraction with ether, and after removal of the 
solvent, piperonal, alcohol, and potassium hydroxide were added 
and the mixtime heated during five minutes on the steain-batli. 

' The precipitate obtained on the addition of water was collected, 
washed with alcohol, and then crystallised from ethyl acetate. 
Bipiperonylidenetropinone melting at 214° -was thus isolated. 

In' the above experinient there is some uncertainty as to the, 
amount of succindialdehyde started from, since the author, no 
doubt through lack of practice, has never been able to obtain the 
high yield claimed by Harries of from 70 to 80 per cent. In 
order, therefore, to gain some idea of the yield of tropinone from 
succindialdehyde, the following experiment was made, but, the 
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conditions of tlie syiitliesis are still under iiivestigatioii, and it- is 
lioped that CTen better results may ultimately bo obtained. 

A solution of siiccindialdeliyde containing inorganic salts was 
first prepared in tli© usual way and then distilled in a current of 
steam. The distillate was concentrated in a high vaciiuni untii, 
as it later appeared, about a 10 per cent, aqueous solution was 
obtained. Ten c,c. of this solution were diluted witli water, and 
tlie dialdeliycle was converted into the diplieiiylliydrazoiie, as 
described by Harries 1902, 35, 1188). The solution con¬ 

tained 0*S6 gram of succinaldehyde. Twenty-fiv© c.c. (containing 
2*42 grams of the diaidehyde) were mixed with a solution of 
acetonedicarboxylic acid (6 grams) in water (75 c.c.) to which a 
sufficient excess of precipitated calcium carbonate had been added, 
and after cooling in ice-water, methylamine (3 grams) in water 
(10 c.c.) was gradually introduced. The reaction was allowed 
three days for completion, and the liquid was then acidified to 
Congo paper with hydrochloric acid and concentrated in a high 
vacuum. The residue was dissolved in alcohol and the tropiiione 
converted into dipiperoiiylidene derivative in the usual manner. 
The product 'was collected, well w^ashed with water and a little 
alcohol, and dried at lOOT It weighed 4'1 grains and was free 
from inorganic impurities. The substance was identified a.s 
dipiperonylidenetropinone, and the above data show that the yield 
of tropinon© from succindialdehyde in this experiment -was 42 per 
cent, of that theoretically possible. 

The possibility that tropinone might result from the condensa¬ 
tion of succindialdehyde or a derivative with acetone or a deriv¬ 
ative and iiiethylaiiiine or by the addition of methylamine to a 
cyc/ohe|'jtaclieiioiie occurred simultaneously to Professor A. Lap- 
wmrtli and the author, and a joint research was contemplated, but 
Dr. Lapworth's preoccupation with more urgent investigations did 
not allow him to undertake this fresh experimental work. 

XJxiVEBSTTy OF LIVERPOOL. [Received, July Uth, 1917.] 
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LXIV.—J%e Pungent Prmcijjles of Ginger. Part I. 
A Metv Ketone^ Zingerone {4:-Hydroxi]~o~raet]ioxy- 
phenylethyl Methyl Ketone) occurring in Ginger, 


By Hiroshi Nomura. 

Thresh assigned the name gingerol to the pungent principle of 
gingeij and Garnett and Grier {Fharm. J,, 1907^ [iv], 25^ 118) 
claimed to have isolated it. However, no account of an investiga¬ 
tion of its composition and constitution is to be found in the 
literature, and the present work was undertaken to determine the 
constitution of the pungent principle. 

The new ketone, to which the name zingerone ” is assigned, 
was obtained by extracting ginger with ether, followed by 
the treatment described on p. 770, and was proved to have 
the formula C 21 H 24 O 3 . It yields monobenzoyl and monoacetyl 
derivatives, and the existence of one metlioxyl group in it 
was proved. The methyl derivative, C 22 H 16 O 3 , is readily converted 
into its oxime, hydroxylamine, wliicli points tO' the 

presence of one carbonyl group. When the methyl derivative is 
oxidised with potassium permanganate in alkaline solution, veratrio 
acid is obtained, and therefore the new ketone must be a 1:3:4- 
derivative of benzene. 

Since sodium hydrogen sulphite combines with the new ketone 
and with its methyl derivative and the latter is oxidisable with diffi¬ 
culty by an ammoniacal solution of silver nitrate, the group, 
CO'CHg, appears to exist in both compounds. If this is the case, 
the constitutional formula of the methyl derivative must be either 
(I) or (II), and the constitution of the original ketone must he 

_OMe _OMe 

COM 8 -OH 2 -OH 2 <( )>OMe 00M6-0HMe<( )>OMe 

(I.) (II.) 

(Ill), (IV), (V), or (VI), according as the methyl derivative has 
the constitution (I) or (II) respectively. In order to decide between 


(III.) 

__OMe 

COMe-OHMe/ \oR 


COMe-OH,-OH2^ 


OH 

/'~\r 


OOMe-OHMe/ )>OMe 

(VI. 7“ 


these, the following two methods may be used. 
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I. Tlie constitution of the methyl derivative may be deteririiiied 
by ©xamiiiiiig its products of oxidation by sodium liypobromite or 
liypoclilorite. If the constitutional formula of the uietliyl deriv¬ 
ative is once, determined, that of the original ketone could be 
determined hj the introduction of the ethyl group and sribseqiieiit 
oxidation. 

II, If the constitution of the methyl derivative is (I), it could 
be synthesised by the reduction of the condensation product of 
vanillin and acetone, and subsequent methylation according to the 
following scheme: 

CglJ3(OH)(‘. .M6)-GII0 !!!!'”> 0,,H3(OH)(OMe)'CH:OH-OOMe 


OaH3(OII)(OMe)-CH3-CH3-COMe 


^8H2(OMe)2-OH2-OH2-COMe. 


According as the intermediate product in this synthesis agrees 
with the new ketone or not, the constitution of the latter must be 
either (III) or one of (IV), (Y), and (VI). Iiithe latter case, if 
the methyl derivative, is identical with the above synthetical 3:4-dh 
metlioxyplieiiyletiiyl methyl ketone, the constitution of the new 
ketone^ should be (lY). If this experiment fails to yield the methyl 
derivative, the constitutional formula of the latter is necessarily 
(II), and that of the new ketone can be determined by the oxida¬ 
tion of its ethyl derivative. 

Since the yield of the ketone from ginger is poor, the second 
metlicd is preferable to the first. Fortunately, by the- reduction of 
the condensation product of vanilHii and acetone, a substance 
identical with the new ketone was obtained. Its identity was 
further proved by comparing its benzoyl derivative and the oxime 
of its inetliyi ether v/ith the corresponding derivatives of tlie natur¬ 
ally occurring ketone. 

The constitution of the new ketone was, moreover, confirmed by 
the first nietliocl, namely, by the production, from tlie methyl deriv¬ 
ative, of broinoform and j8-3:4-dimethoxyplieiiylpropioiiic acid by 
oxidation with .sodium liypobromite, and by the formation, from 
the ethyl derivative, of ethylvanilMc acid by means of potassium, 
permanganate in alkaline solution. There is no doubt, therefore, 
that the constitution of the new ketone is (III). The investigation 
of the other pungent principle and the synthesis of the substances 
analogous to the new ketone are now in progress. 


E X P n E I M E N T A L. 

Dry powdered ginger (367 kilos.) was extracted with ether in 
the cold and the ethereal extract evaporated tO' a syrupy consist¬ 
ency. , The syrup was dissolved in a small quantity of ether and 
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shaken v^rifch 2 per cent, sodium hydroxide for tliree 1 Lours. The 
quantity of sodiimi liydro:^dde solutiou required for tlie -erTtractioii 
of the pungent principles from the. syrup was determined by a pre¬ 
liminary experiment^ 500 c.e. of 2 per cent, sodium hydroxide being 
necessary for 100 grams of the s.yriip. The pungent principles in 
tlio alkaline solution were deposited by means of carbon dioxide 
free from hydrochloric acid and extracted with ether. The ethereal 
solution was washed with 2il-sodiuiii carbonate solution to remove 
any acid, and then vdth water until the- alkaline reaction disap¬ 
peared, dried over anhydrous sodium sulphate, and evapora,ted. 
The yield of residual oil was about 1 per cent, of the original ginger. 
It was distilled under Q'o —1 mm. pressure until the temperature 
of the oil-batli reached 320°, after the previous distillation of vola¬ 
tile substance under 13—23 mm. pressure. Tli-e whole of the dis¬ 
tillate was diluted with ether and sh.ahien with an excess of a con¬ 
centrated solution of sodium hydrogen sulphite, whereby the bisul¬ 
phite coin]jound of the now ketone separated. This was collected, 
wasJied with ether until the washing was colourless, and decomposed 
with a concentrated .solution of sodium carbonate. The oil was 
extracted with etlier, the ethereal solution washed several times 
with water, dried over anhydrous sodiiiia siilj-jhate, and evaporated. 
Til© yield of oil thus obtained was 0*04 per cent, of the original 
material. On cooling and continuous agitation with a minute 
quantity of the solid keton©', the oil solidified to a somewhat brown 
mass, which melted at 40—41° after recrystallisation from light 
petroleum (b. p. 50—70°) or a mixture of etiier and light petroleum. 
The colourless crystals thus purified gave the following results on 
analysis: 

0*0944 gave 0*2350 COo and 0*0629 H^O. 0 = 67*89; 11 = 7*45. 
0*0900 „ 0*2243 00^ „ 0*0600 H^O. 0 = 67*97; H = 7*46. 

0*2669 „ 0*2812 AgL Me = 7*03. 

0*1615 in 19*64 benzene gave A#= —0*217°. M.W. = 189. 

requires 0= 68*00; 1-1 = 7*27; IMe=7*74 per cent. 
MAY. = 194. 

Zingeroiie gives a red coloration with Milloii’s reagent, dis¬ 
solves to a green-eoloured solution with alcoholic ferric chloride, 
and reduce© ammoniacal silver nitrate solution on warming. There 
is no visible decomposition on sliaking the ketone with 2 per cent, 
sodium hydroxide, for several hours. 

The phenylliydrazone and semicarbazoii© were not obtained in 
the pure state, owing to the instability of the. compounds and the 
small quantities of ketone used for the preparation. 

Bmmyl Derivative. — Half a gram of zingeron© dissolved in 
30 c.c. of 5 per cent, sodium hydroxide solution was shaken with 
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3 c.c. of benzoyl cbloi'ido for two lioiirs^ tlio prt'u‘,ip!i;iic^ vv'a.t’; 
collected and washed with water. After being <lried isi tlie <k‘sht- 
cator, the substance was twice recrystallised frota a.Icoliol 

with the addition of animal charcoal, when it sepa,rated in (colour¬ 
less crystals melting at 126—127^. The yield wa.s 0*65 gram a,fi:e:r 
one crystalliscation: 

0*1058 gave 0*2803 COo and 0*0590 ILO. 72*25; IT'^41*24. 

CisHigO,! requires C = 72*45; H=6‘08 per cent 

Aceiyi Derivative .—Seven gi’anis of ziiigerone were.' boika,! for 
one hour under a reflnx condenser with 7 grams of fiised sodium 
acetate and 25 grams of acetic anhydride. After the removal of 
the excess of acetic anhydride tinder diminialied pressure, the pro¬ 
duct was extracted Avith ether and the ethereal solutio-n washed 
with a dilute solution of sodium carbonate and then with water 
until it became free from alkali. The elided ethereal solution was 
evaporated and the residual oil purified by distillation under 
diminished pressure. During the first distillation, almost the whole 
quantity distilled at 202—206^/14 mm., the main portion distill- 
iiig at 204—206®. The yield was 7*1 grams. On repeat'ing tho 
operation, the substance boiled constantly at 204—205® under the 
same pressure: 

0*1787 gave 0*4317 CO. and 0*1107 ThO. C = 65*89; TI = 6*93. 

C 13 H 16 O 4 requires 0 = 66*07; 11=6*83 per cent. 

On allowing it to remain for a few days, the oil solidified a,ml 
melted at 40—42®, the melting point of tho original ketone. If;' 
differs, however, from the latter in that the crystals giv(! no colora¬ 
tion with ferric chloride in alcoholic solution and liqmdy when 
mixed with the ketone. It is sj)ari:ngly soluble in Jiglrl; pcl.roimiin, 
but readily so' in alcohol or bonzono. Tho result of ilm ox/ido-tion 
of this acetyl derivative with, potassium pmurianganatc* in the 
presence of magnesium sulphate rvas unsatislactor’y. 

MeDiyhitufeurneA '—The ketone (5*7 grams) wan disHnlvcul in 
30 c.c. of 5 per cent, sodium hydroxide solution and shaken wii.h 
3*5 c.c, of methyl sulphate for half an hour. After re;mc>ving tJie 
unchanged ketone by shaking with 5 c.c. of 10 per cent. sodiu,ru 
hydroxide solution, the product was extracted with etJier, the 
ethereal solution washed several times with water, and shaken with, 
a concentrated solution of sodium hydrogen siilplvitcu The 

* When th© determination of tho constitution of th© ketono was cornplcsfcci 
and that of tho other pungent principle in progress, tho compounds which 
correspond with the mebhyl derivative and its oximo wore Byiithosiscxi by 
Kanfmann and Radosevi^ (Ben, 1916, 49, 675). Tho doscription of the 
melting points of these compounds is in agreement with those of tlio above 
' ''methyl derivative and its oxime respectively. 
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"hisiilplutiC courpoiUHl was collectcd, AViisliorl wiili. ciliot, decomposod 
wif.li sodiiitn carbofi.atcp and tl?6 product oxirachid willi etlier. 
Tlie etlierea,! aolui.ioii wa.B wasliod wiili water, dried over aiiliydroiis 
Kodiiim siilplsatCj and evaporated. Tlie reBidual oil was tlieii dis¬ 
tilled iinticr diniisiislied pressure, wlien alsnost t1i,o v/liole rpia/ntity 
passed over at 18S~1 89®/17'5 nrni. The yield was 2"8 ^^-p-arns. On 
repeating tlic distillation, a colourless oil boiling at 18G°/16 nrm. 
was obtained: 

0*1258 gave 0*31 G6 CO. and 0*0885 H.O. C---CiSiii; H-^7-87. 

CJi 2T-T|(;0;^ requires C = 69'19; H--7*75 per cent. 

After several inontlis, tb.6 oil partly solidined. On stirring with 
a glass rod, the whole solidified with the evolution of heat, and 
melted at 55—56°, The coinpoiiud was oxidised with clifFicnlty 
hy an anirnoniacal solution of silver nitrai.e. 

3f(ifJh'i/hi''in/(ToN.eoa'l77fe,—A mixture of rnethylzingcrone (1. 
gram), hydrnxrylnmine hydrochloride (0*35 grn.m), Jind sodium 
acci.ute (0*7 grain) was dissolved in dilute alcohol and "boiled 
for two liours under a reflux. coMd(.vnsci*. In, order to isolate 
tlio pro'doct, i.lio alcvdiol was removed l>y gentle evo.por<'ilj'on., the 
oily oxime, which, liowover, readily solldilled, collected, washed 
with wa/ter, and dried. The yield was 1 gram. The crystals were 
several times recrystallised from dilute irioitiyl alcohol with the 
addition of animal charcoal, when they separated in colourI(3KS 
needles melting at 93—93\5°: 

0-1395 gjivc 8-04 c.e. K, at 22° and 754*5 rnim 

C'j*,TTy;0;jlsr requires N»“:'^G*28 per cent. 

NtJil/hhn^rro7ie..----Bi)vo.n grams of zingarono and fM grams of 
potassium hydroxide wore dissolved in wa.rro loeiiiyl alcohol, and 
the- residue left on tlie eva|K)ra.tion of tho methyl alcohol was heai;ed 
for ilireo Jiorira under a rehux condenser with 30 c.c. of absolute 
alcohol find grasns of ethyl iodide. The alcohol and tlie excess 
of etl'syl iodhle were rom.ovcd, when, a ])rown mass soprara,ted, wlricdi 
was, waalied with. 2 per cent. Hodinrn hydro, >:ide tO' remove, Ihe un- 
changed ketone,, and i;hen wit-.h water until it l)ecairic neutral. 
The mass, was ,iiow crystallised from dilute alcohol and then from 
light petroleum (b. p. below G0°) with the addition of animal clia.r- 
coal. The yield, was 6 grams after one cryataHisatioii from dilute 
alcohol. The crystals thus pttrified were colourleas and gave the 
following results on analysis: 

0-1523 gave 0*3926 COg and 0*1160 H^O, C=”.70*305 H=8*62. 
requires C’^ 70*23; H=:8-16 pet'cent. 

The compound melts at 66°, and is soluble in ether or methyl 
or ethyl aIco,l!o!, hut insoluhle in water. , 
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()11 of hiel]FikAtiijrT(}ii vAllt Voif oi I o tjf / //f/ (^ , 

Tlie co:iiipO'iii]«i (2*3 gra,hi?i.;; 1 mol.) a,!uf JJ)0 c.(% of tJ-V'-w'jdiiou 
carljoiiato solution \7ere lioaled nodor a r'ClIuK couiloiisca;, rnol 
390 c,c. of a 3 ])er ce/iit. BO'liiiaoii of potfiBsiinn p«n.‘j'n:i,Hga,!oU o (Vorrcv- 
spoiiding witli 5 niols. of oxygon) vva,H'o slowly riiti hi. Ttir'. hotting 
w&B contvirriiod until Uto colonr of tlic 

and tli.6 product, was coolod and filtered from tlio pr«^r.ipit:aJ;fM! 
niaiigOuiicse dioxide. Tb.c liltralo and \vaslibigs of tfie manganeso 
'dioxide were treated wiib ntbor to ro>nove ?!,ny i.rnchaoy^eil niof.liyl' 
Kingeroiie,, fwaporated tO' a small bulk, a.nd acidiliecl wiili Itydrci- 
cliloric acid, wlieii a yellow ;icid (1*8 grains) scparatecl, wlito'li aiic.vr 
recrystaliisatioii from, water witli tho addition, of aiuumfl {•.lia.rcoa.f 
and drying at 100—11melted at 180—18P. Tl,i (3 am’d pre|)arc 3 d 
by tlie above metliod \¥as oolonrless (IJ'on.sid, (J---59*13; 11-•“5*82. 

reqrdres C™-59*31; H™-5*53 per cent.),, ami tlio Tncdtiiig 
point mars not clianged by adniixtnre with veratric acid. 

Owidfihon of Ethf/Iziiif/erona ivith f^odiwm I'hjp-nelilnritv, 

TJiis oxidation ■\?8.s carried out ii.i an exactly similar nK-inner io 
that employed in tlio oxidation of the methyl doi'iva-tive. 
acid ol3tai,iied melted at 195—196^^ (.Pound, Gx,::61*39; IP ■6*3,1. 

requires C-:-61*20; H = G*17 per cent.) juid 'did iiui.. 
depress the melting point of eth. 3 dvaoiriic acid. 

OwMhiion of Metfiylzinfiv.rorie with Aodium li 

Two gM’iiins of the. siibst/uico were sur-posidod. in an excess of on 
udkfiline SK.^lririon of sodium tiypochtorito c.iid wa.rmi^d on 'wrdiCr-' 
batli uiiti.i a. sofutinri was obtrdned a.nd no cfikrrofortn cvolvin.L 
The solution was rapidly cool(?.d, acifhTnvl witli siii|)!uircniH 
ov^yporated to a, small hulk, a.ud ext.ra.<d;fKi with eilrer.’ 3,d,iu 'C,*tlu.}'r(^aJ. 
solution was dried over anhydrouB sodium su!pl,i,ato, ovapora/ted, 
and the residue was rGcrystallisefl f,rorn water, from w.]iich t\¥o 
dil!ere.nt acids were obtained. 

The O'lie melted at 180—181*=’ after drying at 10D.^--110«, a,iu::i tliis 
melting point was not depres-sed by admixture with vera,tric; acid. 
The othe'r melted at 95—99'^, but it could not be purified owing to 
lack of substance. It is, liowever, probable tliat tlie sulistanc.'!© is 

:4-dirnethoxyplie.iiylpropionic add (m. p. 98—99<>). 

Oxida4wn of Mothylzingerone with Sodium IlyfohrofuUe* 

Til© compO'itnd {B'l grams) was shaken'fo,r two liO'Urs with an 
alkaline solution of s.odium hypobromite, which was prepared by clis^^ 
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solving 2'7) o.c. of broinino in ioo-coolerl sodium liydroxide sobition 
(G gi%'unp> in 100 c.e. of wati'cr), wdioji i.liO' reaot.ioii of tbe liypobromite 
vviriisliccL Tlio product wo,e tlioii cxirrudcd v/itli oilier and tlie 
cdilieroal solistion (,/l,) and tbo allvalino sokiiiou (/i) were treated in 
tlie following way. 

(/[) Tlic ctimreeJ, Boliition waa washed with water until ii became 
free froni alkali^ and the greater part of tlie ether evaporated. 
Tlie residual solution w;is. freed from any iinclianged iiietliylziii- 
geroiie by sliakiiig with a concentrated sohxtion of sodiiiiii hydrogen 
siilpliitcg washed with sodium carhonate solution, and then with 
water until free from alkali. The ethereal solution tliiis purified 
was dried over anhydrous sodium sulpha,te and evaporated. The 
residual oil (2’1 gro/rns) oji distillation gave 0'8 gram of oil boiling 
at 147**—148° and possessing the clun'’;?ctor.istic odour of l)roiviofor!Ti. 

(IL) After evaporating to a small bulk, the aqueous solution 
was aeddified with liydrocldoric a.eidj extracted with €thei\, washed 
several tunes with a sa.tiiratod solution, ol sodium chloride, and 
dried over aiiliydrous sodium siilph.a,le. On distilling off the- -ether 
from the ethereal soliitio-n, 2'G grains of a yellov/ syrup were 
obtained, wldeh -did not so-lidify cm kee|,ring for a fc'w -days, The 
Hynip was now dissolved in a. small cpiantity of 2A>sociiriin 
(jarbonate soliitioip tlio soluticiii digested with, animal charcoal, 
filtered, and acidified wiili hydrocldoric acid, wlieii a yellow oil 
separated which on keeping overnight partly solidified tO' crystals. 
The crys bits were csollected, freed from the last traeea of oil by 
(Iraining on a porous iilo, and recrjstalHsed from wat-er with the 
addition of anima-I charcoal. The crystals ihus purified melted at 

98.a,-ftor being dried over sulpliuric acid in the -desiccator, and 

were irrovcd to have the- con,stituiioM of A3:4uli^lC}thoxyphellyh 
p^opiot^ic acid by the mixed melting-point :rnet-hofb The yield of 
i,l:u3 iinptir-e crystals wa,B 0*55 gram. 


HynJ!i n:UM of Zinr/orone (4- -JIiitlnoraAy^-tiuxlkoiq/pfhm^^^^ Methyl 

Keloile), <lIly(k,)drny6ii:y(Vih}(6Me)^()]'l. 

, The iiiterniediaie compound in this synthesis, namely, 4hydroxy- 
Smietlioxystyryb metliyl ketone, 

has been -described by Francesconi and Cusmario (Gazzefeta, 1908, 
38, ii, 70), who', however, give no details of its preparation. It 
was th.erefore syntliesised in the following way. 

Sev6D.ty c.c. of 10’ per oe-nt. sodiu.ra hydroxide solution were 
added to a solution of 25 grama of vanillin in 100 c.c. of acetone, 
a’lid a/fter being allowed to- remain for four days, the solution was 
acudiliec:! witli dilute hydrochloric acid, when a yellow precipitate 
was obtained. The precipitate was collected, washed with water 
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Miitil free from clilorido, and crystallised from diiuie. olc'oliol, frrsoi 

wliicli it sepc'iraied in ycdlovv crystals nmltiiig et TJS.I'lie 

yield was 28 grams after one crystallisation. 

Six grams of lids compound wore snspomled in 100 e.e. of 
absolute etlier and reduced for nine hours l)y mea/iis of 
liydrogeii in the presence of platiinim black. Ilie hydi'ogcii 
absorbed was about 800 c.c. (at 23—24;° and 752—754 iiuil). 
After filtering off idle platinum ]da,ek, the fdtrrvte and ctlicreal 
wasliiiigs were evaporated, and ilie residua.! oil on rlistilhiiioii 
boiled constantly at 187—188°/14 ruin. Tlie yield was 4’S gra,ins. 
The oil was twice rocrystallised frojn a niixinrc of cd'lier and liglit 
petroleiirn (b. p. below 60°). Tlie crystals tlius olitained iriclieil 
a,t40—11°: 

0*1629 gave 0*4058 GOo and 0*1090 BM. C.^.67”04; H-7*40. 
0*1244 ,, 0*3113 COg „ 0*0850 11^0. Cr-^d)8*25; 11-^7*64. 

requires 0=^---68*00; H=7*2r per cent. 

Tlie substance sustained nO' lowering of tlic melting point by 
mixing with tlie naturally occurring ketone. The benzoyl <Ieriv- 
ative and tlie oxime O'f tlie inetbyl ether melted respectively at 
126—127° and 93—93*5°, and those melting points were not altered cl 
when the respective compounds were mixed with the corrosponcl- 
ing derivative of the naturally occurring ketone. 

The isolation of zingerone was made for tlio. first time in 
the laboratory of the Agricultural College, Tokyo Imperial Uni¬ 
versity, under Professor Umetaro Suzuki, and after my coming 
to the Scioiico College, Tobokii Imperial IJniverBity, the work was 
resumed iiiicler the guidance of Professor Eiko M'n.jiiria. Sinc^r 
then, the separation of the ketone has been eO’ccsiicd more ea.sil; 
and its constitution st/udied with satisfactory renults. Tln^ a.ntln. 
wishes to express his hearty thanks to the professors for ilicvir kiin 
suggestions. 

AaiiiOTOTUBAu Gollugje, iMmuTAU Vmvmimvr 
Tokyo, and Soxbnok Collkok, 

Imferiau Univeksity of BimoAL 

lEeceived^ March 2$lh , 19! 7. ] 
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hXf.—The Ihmge-nt Principle of Ginger. Part 
J. The Chemical Characters and Decomposition 
Products of Threslhs GingerolP 

By Arthith Lapwoetii, (Mrs.) Leonoek Kletz Pearson, and 

Frank Albert Royle. 

The pungent principleb ol ginger, tlie rliizoine of Zhigil er officinale, 
were studied by Thresli (^'Year-Book of Pliarniacy/^ 1879, 426; 
1884, 516; Phanri. J,, 1882, [iii], 12, 721). The pungency was 
attributed to an active principle, gingerolA an inodorous sub¬ 
stance having the general characters of the class of coinpoiiiifls now 
known as oleo-resins,'^ which he isolated by means of a somewhat 
complicated fractionation of the alcoholic extract of iho drtig. He 
attributed to it tlie approximate formula aHi-TIgO, an,d found that 
on oxidation with c]ir(4mic acirl it yielded ‘Sapparonily ’’ acclic and 
caproic acids (''Year-Book of I'Miarinacy,'’ 1881, 520), togetlicr with 
a volatile oil. Idiresh seems to have ahaiidoned the work at an 
early stage. 

Garnett and Grier {Pharni, 1907, fiv], 25, 118; Year Book of 
Piiariiiacy/^ 1909, 344; compare also ihUh, 1907, 443) re-examined 
the pungoot oleo-resiii, gingerol, and simplified and improved the 
rnetliod of isolation and purification used hy Thresh. They frac¬ 
tionated the crude mixture of oleo-resins with tlie aid of petroleum, 
and ultii'iiatoly obtained a cilear, viscous oil, of a. pal© straw 
colour, distilling within a range of 235^ C. to 250® G./’ the 
pressure referred to lieing 18 mm. They a<1d: “ It could not 
be assumed,, without further proof, that this body^^ (that is, 
the distillato)' ^'was not cither a product of destructive dis¬ 
tillation, or that it was not contaminated wriih such products 
they showed, liowever, that tlie distillalte liad tlie 'punge-ncy a.iicl 
m,an 3 r other characiteristics of the original gingerol In the course 
of t.lieir ex,|,)eriinents they noted that gingerol was possessed of 
phenolic chanuiters, gave a green colour in alcoliolic solution with 
ferric chlorklo, a |,>rcci|,)i,tate wiili bromine, and tliat tlie solution 
in alkalis, especially when warm., undergoes a change which results 
in a loss of tli© pungent character in the dissolved oil. The latter 
observation was made use of in devising' a simple means of distin- 
guishing between ex,tracts of ginger and of capsicum respectively, 
as the latter is not affected in pungency by alkalis and is often 
used to adulterate or fraudulently to replace the former. 

The present aiitliors were invited by Messrs. Garnett and Grier 
to conti,o.ue the work on gingerol, and carried out the ©xperim.e'nt8 
described in this paper- with, a large sample of an alcoholic extract 
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ginger, tlie most puiigciii/ variety on iilie I’iii.s 

kindly iriade for tlioin by James Woolley ainl Sons, 


Method Fsed in iHohitiiuj (JiinjeroL 

Tile residue frooi the alcoluJio extract was treated repeatedly 
with aqiieoiiS' alcohol of 35 per coat, strength, whicli is consideraliiy 
weaker than was used ]>y Tlirosli or by Ganieih and Crier; it was 
found tliat this dissolved the inactive I’csins .nnieh less freely and 
gave a more rapid separation. Alc(du:>I was removed from tiie (d.ejir 
extract l.)y €vaj)oratioo, in a \meunm at the lowest possible teiiiper.'i" 
ture, the oil wliicli separated being freed from as niiicJi waiter as 
possible and re-extracted with, alcohol of a]>mit 50 |')or cent, 
strength. Milk of lime was then added, as suggested 1)y Thresh, 
until only a very slight deposit io.n of calcimn corn pounds took |)]ace, 
when the whole was allowed to settle, a.nd the clear liquid made 
neutral to litmus by addition of dilute hydrochloric acid, and again 
freed fro:m alcohol by distilla.tiori under diminished pressure. The 
resulting oil 'was separated from the Inilk of water by decantal/ion, 
dissolved in a solvent, such as chloroform, which was snlisorjiiently 
dried, and removed by 6va]>oration. The dry fvnide gi'ngeml was 
then extracted fractionally with hot petroleum, and those pori.loiiH 
retained which dissolved freely in the hot poiirolentn, hut wore 
re-deposited on cooling. A.fter removing all traces of petroleuin, 
the '^refined giiigerolwas obtained, as a viscous, faintly yellow 
oil, entirely soluble in. dilute aqneon.s alkali, a,nd grvnerally "lia-ving 
all tlie properties assigned to the material by Gn.rncif and Grier, 

Many various iiulhods were trital for the furWicr purihe^attion 
of the refined gingerol, Init oven the bcBl* sani|)lc‘s olita/incnl were, 
almost certainly not homogeneous materials, and, rjould fra<u 
tionated ],)y means of liglit petroleum :ii,i,to yiortioi'is luiving somo" 
wdiat different solubilities. As- many of tlie lim soluble rrac;t,loiit» 
of the oils shared the charaoterB of the most solulsle portion, it 
was suspected that gingerol either tends to polymerise or to 
decompo,se into si,mpler products, such as those mentioned later, 
with subsequent, recombination of these to products more complex 
than gingerol proper. 

The most highly piiilhed samples obtaiiierl were distilled in a 
cathode-ray vacuum; they passed over almost coinjdetely when tlie 
tem|>eratiir© of tlie bath was 135 — 140 ^^, and the distillate was. in 
such cases a clear, faintly yellow oil. Even under tliese coiicIitionH 
there vras evidence of sliglit decoinpositioii (odour o-f fatty .alde¬ 
hydes) and only traces of camphoraceons solid separated from the 
oil after many months. 
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M.eBHrs. (la/riH'.ll. a,H<l (liicr iilio j^/itliora^ aiioiiiioiij at 

tlie coiiiinc^iiceiirienl of the work, to tlie fact tliat some samples of 
ging'crol, givo a crystalline [o;ndiict wlio'ii tiioy arc sliaken witli a 
soliitioti of sodium liydrogc'ii aulpiiitc; tlio present aiitliors foiiiicl 
ilifit tiie most liig'hly pniriiiod samples do not give any siicii pirodiict, 
l>ut do so Sifter they 'have been distilled or otherwife somewhat 
sf.roiigly heated, or treated with dilute alkalis under certain con¬ 
ditions. 

Analysis of tlie best samples of gingerol obtained gave: 

C--7r4; iI = 9-2; C--71-6; H-^9*4. 

recfuires C —69'4; H=8*8 per cent. 
iVIoA C-70'1; JI-9-1 „ „ 

Thresh found: C-71‘27, 71-39, 71-43, and H = 9*61, 9-82, 9*52. 

DeteriTiination of methoxyl in gingerol: 

Found: Me-7-3, 7*7. IMuO bi Cj 7 ]''Lj ;04 requires M"eO-.AiO'S; 
'in MbO —10*05 per cent. (This, for reasons which 

:i|)[iear iatc'r, would indicate a pin'iiy of only nJiout 75 por cent.) 


Other 'VropertieH of (JitKjerol,^^ 

Tiie [)reHeiice of one liydrO'Xyl group at least is iiulic/ited by the 
plienolic chara.cter of gingerol. The a.lkaline solution when treattad 
with, b'Ciizoyl ehlorhle, benzenesulpiKuiyl chloride, and siir'iilar com- 
pounds or with chloro'formic esten-s, deposited neutral, no,u-pungent 
oils, wliicli did not sliow any signs of assuming crysifillinO' form. 
TiiO' oil yialdrul no crystalline oxirno or semicar I,>azo tic, a,ltb.ougii 
ihero wuiS sonie evickmee that a nii,rogoiio'u.s conipooml was for'iiied 
cm troating it with, .hydroxyiaminc/. Slight lieat was evolved on 
mixing phe„ny1hydraKlno witli gi,ngerol; Imt neither witli that sub- 
si/amce nor witli substituted plienyl],iydnizi'nes, 1,H.m7.yb or luiplitliyk 
liydra/iinoH di,(,l gingerol give any crystalline derivatives, 

9^'lie solo dorivaldvo nf gingerol which was c)'bt.'jii.iied i,n defniitely 
erystalliuo form was its nioiioniothyi derivative. As this was easily 
purified, 'wliilst 'the |>urity of gingerol could not be guaranteed, all 
conciliisions as tO' the true composition and constitution of gin¬ 
gerol ” liave bee,n biased on a,ii examination of methylgingerold^ 

Frcpzration a7id Fropertics of il/6’l‘Jq?//^r/7nycrok’^ 

llellned gingerol is dissolved in methyl alcohol and treated with 
methyl sulphate and potassium hydroxide successively. ' Prom the 
inodrict, etiior tetracts a noiitral oil which deposits crystals, and 
tiaii be drained and 'recrystalllBed from light, petroleum, 
'^^mt 15 g,ra,iri8 of luethylgingerol melting at 64^^ can be obtained 
24 gram,a' of the best gingerol which the authors have pre- 
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pared; iliis is a,gain ividicative of the niixcd cliarjicfa^'S of 
giiigoroL 

Analyses of difleroiit samples of ineUiylgingerol g.'ivo f'-lio follcnv- 
iiig results: 

G=::70*21, 7()-44, 7017, 7015, 70*05, 70*2. 

11-8*64, 9*08, S-92, 9*46, 9*19, 9*0. 

MeO-22*6, 19‘8, 19*8. 

Qualitative tests and analysis by tlie Diuiias niethod showeil that 
no iiitrogeo, was present: 

C-jgHoiAi requires C — 70‘1; II —9'2; 2Me(} —20‘1 per cent, 

„ €-71*2; 11-8*75; 2MeO-2f)*0 „ „ 

GVIikAi C-70*75; H-9*4; 2MeO-19*9 „ ,, 

The lEoleciilar weight of “ metliylgingeiadl' was deterinitied by 
the cryoscopic metliod iir benzene. Tlie nninbers obtaiiierl were 
271, 309, 308, 31G, 323, 323, the mtnibers required for CigILA. 
CiQTIgo 04 'being 308 and 322 respectively. 

Metliylgingerol crystallises in slender needles melting at 64^. 
It is insoluble in cold alkalis or acids, but is altered by these if hot 
(compare later). It is also slowly decomposed when it is heated 
above 150°, and rapidly near its boiling point;—tlie odour of fatty 
aldehydes becoming perceptible. 

It is optically active in 2 per cent, solution in chloroform, liaving 
[a]S + 27*3° 


Ketonic Properties of Meihyl(linger(dP 

Methyigingerol appears to be attatdmd slowly by plcmyiliydr* 
aziiie, etc., but tlie products were not obtained in a crystalline form. 
When it is warmed in alcoholic solution with hyilroxyhimiim hytlro- 
chloride and sodium acetate, however, it gives a, erysia,Ui!ie. deriv¬ 
ative which was ■o1:)taiuecl in slender needles from liglit petrolmiim 
Found: C-64;9, 64'0, 64*1, 64*5; 11-91, 9*4, 9*0, 9*2; 

CigH2904H,HoO requix^es 0—63*3; H —9*1; N —4*1 per cent. 

CiAAHAO „ 0-64*2; H-9*S; N^3*9 „ „ 

The analyses indicate that the substance mMhylginr/erol osime 
hydrate. When heated at 110—115° for four hours it lost 4*09 par 
cent, in weight, whilst the theoretical loss for IH^O is about 6'L 
The treatment was not pressed, as there were signs of more profound 
decomposition. 

The oxime dissolves in cold hydrochloric acid and is reprecipi- 
tated by alkali. When it is hydrolysed by acids it is reconverted 
into metbylgingerol and hydroxylamine, the forniei*, after recryatal* 
lisation, being unchanged in melting point. When this 
subjected to Filoty's test for ketoximes, it gives a definite posil 
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reaction, a ycilowish-grccti e(,)! oral Ion being obtaioerl in tlie etliereal 
layer. Tlie wliole oi: ilie j)lienoiiie'n{,t observed diiriog tlio v 9 .rioiis 
stages of tlie icsfc are not to ])e distinguishcul froru tliose observed 
wiieii tilio i:elat(‘d iiietltyiziitgxn/'oneoxinie (|v. 78(5) is 'treated iti tine 
earn© way* 

3Ietl'iylgirjgerol is at once attacked by cbroinic acid, giving a black 
coinpoiiTid (chroiiiated), tnuch as many alcoliols (for exa'inple, nien- 
tliol)' do. It is instantly attacked by pliospliorus peiitacliloride or 
tliionyl cliloride and liydrogen chloride is evolved, A cold solution 
of metliylgiiigerol in chloroform does not at once discharge the 
colour of broriiin© in the same solvent, bnt an action takes place 
only on heating, when liydrogen bromide is evolved. Pure inethyh 
giiigerol is also stable tovv^ards cold permanga'uate in acetone solii” 
tioii; even after long heating with cxc’ess of this reagc3nt, the bulk of 
tlie coinpoiiod ;is recovered xiricliaoged, and tliis fact may he ^ltili^’ed 
to purify the crude substance from more easily oaidisable miitcrials. 
Prolofiged action of hot aqueous I'jermangaiiatc dostroys mel'liyl- 
giiigerol, fatty acids, veratric acid, and carbon dioxifle being formed. 
It is not reduced in the cold by sodium amalgam or by hyclrngon 
in til© preaeiicc) of colloidal platinum or palladium. 

Tests for the Hydroxyl Group in MethylgingeroL 

In order to^ ascertain whether inetliylgingerol contained free 
hydroxyl, tlie coni|)Ound, in amyl ether, was treated with nuig- 
iiesiiim 'uietlryl iodide in tlie same solvent in an apparatus similar 
to tiuit used liy Sudliorough for tlie determination of liydroxyl ‘by 
this inotliod. On. mixing ihe two solutions, a wliite precipitate of 
an additive compound was instantly fornief.!, but no trax'o of 
ruettiano or otlier |;Ku:inanent ga.s was dete<d;ed, oven wli-en excess <,)f 
magnesliun .meiJ'iyi iodit.}© wa.s used and the temperai.<iu ’0 was :r;ii»cd 
ncair'ly to lOO^'b Tlie experiment was repeated severa! times and 
always gave t.hc same restilt. On the other hand, 'rnetliylgirigorol is 
quickly attacked by cold acetyl chloride, thionyl cliloride, or phos- 
piiorus clilorides, and hydrogen chloride- is evolved; tluB change 
takes place rapidly on lieating. Again, when mothylgingerol is 
sealed up in a tulm with rather less than o,n© molecular proportion 
of pheuyIcarbamide-, it does not at first dissolve in it, but after 
some weeks iu the cold the solid disappears aud a clear, viscid liquid 
is for,med in wliich the odour oI plienylcarbamido cannot be 
detected. No crystalline derivative's were isolated in either iiw 
stance, but the observations, more ©specially the last one, ara very 
difficult to ox.|>iain, except on the- assumption that inetliylgingerol 
coutaiua a free hydroxyl group, and the same' remark applies to- its' 
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l>(3liHvio!.ir witfli a<;i<,L T!ic fiulure' of h ciJ'.‘sIo,i'!«•<■' l-n 

iiiei-iiaiic with iiicignosiinri .Uiel'.liyl iodirle ig poHgi'h!}* rhit,* if) t.'lio 
iiiyoiiibiliiy of tl'io additive product wliicb the re;igeiil;; se.oHi.s. i.u 
form l)y riitiiiiig with tho coie]M>iiad at the kotouic^ (M/rhoiiyl g!'oii|>. 

Oxidaiion of Giiif/erol with (Jhrnmie Acid. .For//a/'/'/<>;/ rtf 
n-IIejMoic and {prohahly) ndlciroic Aadd. 

Thresh oxidised giiigerol with cliroaaic a.cid and o 1 >i,aj 4 K‘<! wli.'it he 
considered to be, probably, acetic andcaproic (liexoi(;) acids, iogethc’r 
with a volatile oil (h>a. cb'., 1884, 520). The present aitiliors dis¬ 
solved about 50 grafsjs of refined giogerol in warm ccetic m-id of 
about 90 per cent. etreugi.Ii, and ad<led solid, elirondc acifi 
in small cjuantities at a time until further adilitioii caused no 
immediate ellervescence. The liquid "was then subjcjett^d to distfilla- 
tioii ill a current of stea.rn, tho latter portions of tho distillate being 
collected, extracted with eth.er, aiid tli© latter evaporated. Tlie 
residue was rendered alkaline: with sodium hydroxide and once more 
treated with a current of steam, when a small quantity of a neiii.rii! 
oil, probably identical with that mentioned by Thresh, pnasod ov» r.. 
This oil was not examined more closely, but tlie alkaline rosidriCB in 
tb.e> ftask were acidified, extracted 'with ether, ami Ihf' latter dried 
and fractionated. After some water and acetic acid Inul rlieflllcti, 
tlie inai.f.i bulk of the residue, amounting to about 7 grams, pussod 
over at 210^—225^ and was clearly a mixture (d satura"te.d faiiy 
acids; on refractioiiaiion, the range wax not a,|)pr(mbibly aiterod, 
(n.-hexoic aiid Inils at 205^'^; ;;di,ef)toic acid at 223^^). 2.’'fic frunt-iou!'^, 
except the liigbest and ienvest, wore rnix.ed, and a i-umiplo 
titrated "witii sta.nda,rd alkali in the I'lrcsoma?' of plumo]jdil.lmlrin m> 
Indicator. The equivalent .found was 125, w'lrhii correspomln wills 
about o,ne part o.f fiexoic acid and two parts of Impi-oic jmld. 
portion o,i’ th,o oxidation product which wag not volatile in steam 
was small and liotliing definite could bo isolfi-ted from it. 

Oxidation of MethylghujeTol. Formatum of Fatty Ackh and 

Veratric Acid» 

As the presence of phenolic hydroxyl in gingerol evidently led to 
destruction of tho' aro.matic portion of tho molecule by the ox{disi.ng 
agent, tho oxidation of 8 gi“aijas of metliylgingerol by means of 
cliroinic acid in acetic acid solution was carrierl out and tlie 
products were worked up as in the immediately prC'Ceding <lescrip- 
tion. A mixture of fatty acids was obtained as before, biit,f.rorn 
that part of the product which was not volatile in ateiarri about 
0*9 grain of acid was obtained on extraction with ether. Tiiin, wIicti 
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|H'iri!!'C‘-tl by <^ryrb.:illis?i,i,]on, in.nn I'loiv w;iiior, forruod (iMi iieetilep. melt 

iiig a.ii 180.-181’'7 jyjd ii,w iM|5d\e*ileal;, found hy tiiratKTu wiili 

K'tuKbird aJk.'ili, |>',ho5iol|ddJi?i]eiu ;u,; iruiien,t;or, was 184. Tt w.'is 

readily iticirf-ifierl as verakdc acid (c< | id valent “183). 

of Gtor/crol ir/ih Pofossiffoo ii//ffro:ride. Fonoolion of 
.Prolafceh'idc rl <o'd. 

tleiilioiisc ami Orovos (T., 1877, 31, i, 533) foiitid protocatechiiic 
acid in the product oiitaiiied by fusing crude ginger resins witli 
potassiuiT! bydroxide. Tbe present antliors tried the same expert 
inent with refined gingerol, and although the great bulk of the 
tiiaterial cjirboiiiscds a small quantity of proio(%atcclriiic acid was 
isolated, from tlie product and idenlified. 


Aotioo of ifeoi, (tiid of If f/d/od//lie on Ohif/oroL ForniotHyih 

of Aliplodii^ AJdi'hj/doi^ (juohdf/ }\-d/<‘jd/ddrliy/lr.) 
and. a Ketone^ “ FAnfieronrF 

It lias l;>eeii menlioned i-hat Messrs. Garnett and Older liad 
noticed tliat some siicciniens; of gingerol gawe a ejnantity of mixed 
ci’ystaJline soliMs when shakem witii a(|ueons sodium hydrogen siil" 
|.>liite. Idle pi'eseni; authors find tliat this is only tlm c,ase witii 
old s|,)ecinie!ni or material wliicli have, been boated alone or wiiih 
acids or allcalis^ and such sfmc.imens have a, poerdiar'odour whilst 
'pure ones arc} praid.ically odourless. 

If a sjvmplc of gingerol, whicli Im.s liecn distilled under diminished 
pressure is subjected to a current of atea-ng a curtain (|uantvity of a 
volatile oil, 'with an odour resembling cenanihol (be-ptaldehyde), 
pa.Hses over, Tliis, if e.xtrm;ted from tlie distill ate by etlier, is 
o'biijiiiux! as a colourloss. oiL If tlie oi'}i,cn‘.a1 solution is sluik'cn witii 
f,r(,‘slily iiropared sodium hydimgen sulplute tlie biilir of the con¬ 
tained oil i'S converted into a mixd.urii of <;rysta!linO' a.dditivo eoiru 
poiimls with, tile ,reagent, and these, a.r't<vr wa,slu„ng and draining, 
(iaii ’b (,3 d-ccom|K)Kcfl with lujueous p«,)l'.asslu.m carlionate. Tlie result¬ 
ing oil c(')iisistB almost wholly of aldeliydcs of tho fa.tty series, 
mainly heptaldehyde; wdien slmkcyn with aqueous hydroxyiainine 
acetate it loses its (Characteristic odour and ymlds more tliaii ono-half 
its weiglit of crystals, which, after l^eing drained and recrystallised 
once from methyl alcohol, form plates melting at about 53°. 
(Eoiiiid, C-65'4; II--12*0. requires Cx.651; H-11*7 

per cent,) 

Tim (jompoiitid was compared with heptaldoxinie (in, p. 53—55°) 
prepared from coro:f,riercia.l muanthol; the substances were .identical 
in all respects. 
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For t;he fivrilier proof tiliai i.lic coiupoiind foriiiiu^ tliO' Ijiilk of 
ilio above oil Is ■/0“he|'>ta.l(k4iydo its cyano'hydriii wnB prepn.red froiii 
ilie bydrogeti foilpliiie ooriipoiind and ’hydro]y^cvl 77ic> 

rot'Uiliiitig liy(1rc:)x,y“a(;i<l (lo. p. GG—67^) on, tit/raiion gave tlio ijciiriva- 
IcMih 102 rec|uiros IGO) and direct) conipfrriHoii of t,iu^ corre- 

spoiidi'iig m,il)siance from eo,mBierciaI oDiianthol afforded jH'oof of iis 
identity witli a-liydroxy-^'z-octoic acid. 

Til© oily residue left after pa,ssin,g steani tliroiigli distilled 
giiigerolj if dissolved in etlier and then shaken with aqueous sodium 
hydrogen sulphite, frequently furnishes a small quantity of a solid 
hydrogen sulphite compound of a ketone; the bulk of this may 
reirnain dissolved in tho aqueous layer, from wliiclp as well as from 
tho solid, til© ketone ca,o bo recovered by ad fling a slight excess of 
hydrochloric acid, lioiling off sulphur dioxide, and extra(,vti:rig witti 
ether. In tliis way there is usually obtained a sweet-smelling oil 
with a very pungent taste. 

Tho new ketone, for which the name lingeroiied’ is proposed, 
was not obtained in solid form until a highly piiri,ried synthetic 
specimen solidified; various specimens of tlie conipouiKl obi:.aine(l 
from giiigerol subsequently set to solid masses by infcKrtion. 

Ill order to obtai.ii supplies of the ketone from extract of ginger, 
the authors have since utilised the fact that gingei'ol is Teadil;y, in 
part, decomposed by hot baryta water into aldehydes mn;inly volatile 
in steam, and tli© new ketone. By boiling crude extracts of the drug 
with baryta water so long as the odour of oenantliol is iierceptilde 
in the distillate, acidifying the residue, extracting with other, and 
subsequently dealing with tlie ethereal extract in tlio irianner above 
indicated, the new ketone is conveniently and quickly ol)taimvh 

The yield of Kiiigerone from gingerol is very much below tlmir 
theoretically possible; this is doiilitless due to tlie occurlamcc of 
polymerisation or secondary re^iondensatioii of the scmslivivc 
products of hydrolysis. 

J)einym/position of Methylgingeroh Forniaiion^ of Fully 
Aldehydes and Methyhingerone, 

Purified methylgingerol behaves towards hydrolytic age^nts and 
when heated alone in much the same way as does gingerol itself. 
The yields of the simpler products were in this case, bowever, more 
satisfactory, especially when boiling baryta water was used and the 
fatty aldehydes were removed with tho steam as soon as formed. 

Even from recrystallised metliylgingerol the fatty aldehydes were 
of mixed character, and this is in agreement with the mixed nature 
of til© fatty acids obtained on oxidation (p. 782). The ketonic 
product is in this instance not soluble in alkalis, lias no iierceptible 
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od 0111 % and, aa it is but very slii>'litly voLUJle in, si-earn, rrioat of it 
remains in the flask after removal of fatby akleliydes. It is 
recovered 1)y extraction, with ether and is readily olitained in 
crystalline form. The properties of this coinpoiijul^, whieli is the 
moil oil) ethyl ether of zingerone, are: described later. 


Properticf^ of the New Ketone^ 

The Goinponnd when pure is a colourless solid which dissolves 
somewhat freely in most of the usual organic media, with the excep¬ 
tion of petroleum, and crystallises from ether in needles, rliombo- 
hedra, or large, lustrous plates melting at 31-—34^. It lias a dis^ 
tinot, sweet odour reminiscent of salicylaldeliycle aud to a less 
extent of vanillin. It has an extremely pungent taste like that 
of ginger itself, but quantitative comparisons have not yet been 
carried out. 

When warmed with concentrated mineral acids, l.)cst with hydro- 
bromic acid, it gives a striking colour reaction. The liquid, at finst 
faintly yellow, passes through brownish-yellow, reddiBh-brown,, to 
brown tints, then becomes opa.que purple and ]:)lue in thin layers, 
and ultimately deep purple; on careful addition of alkali the colour 
becomes blue, tlien faintly green, or nearly colourless. 

Zingeroiie is but slightly volatile in steam. As it was not 
obtained in crystalline form until the researcli was otherwise.: com¬ 
pleted, no attempt was ever made to determifie the composition of 
tlie product from gingerol by direct analysis. The formula was 
daditced from those of its solid and more- ea.sily purified derivatives. 
The substance dissolves only very sparingly in water, but freely in 
dilute aqueous sodium or potassium hydroxides, l)eing reprecipi¬ 
tated, by carbon dio.xide. In alcoholic solutiomu it gives a green 
coloration, witli ferric chloride. Its alkaline solutions give neutral, 
iion-puogent, irisolulfie prodiuvt.s when treated with Ivmzoyl or 
sulphonyl chlorides, and with cldorocarbonic esters, ''.rhese observa¬ 
tions sliow tlu,it zi,ngerone has a ])henolic character. It is optically 
inactive in alcohol or benzene. 

Zingerone also lias the cliaracter of a k 0 to,iie, and readily yields 
a crystalline plienylliydrazone (plates,' m. p, about and seini- 

carbazon-e (needles, m. p. about 133°); but these, as well as other 
liydrazones and oxiinos, were found very difficult to- purify as they 
quickly'decomposed in solution. 

The eMpharhona:to-Amivativ^i CnHjjjOo^O'OOj^Et, was prepared 
by, cautiO'iisly adding ethyl chloroformate to- an ice-cold solution, of 
the ketone in aqueous sodium hydroxide. The resulting solid was 
collected, dried, and crystallised from ether. 
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If’oiiiKl : (8 a:v,l, 6:'i'!3; 11 .■■G'7,, G'T. 

j/)r, C.8... 6.‘]*!3; 11'^ G*? per ceiiiv 

Til forii'iod ]ar{.( 0 , llafc, ftiile.lkvlike priHius a,T 45.47*^1 

Tlio. ni.eth-yl derivativo (taeTliylzingeroiKO, (T^jIJ'|;.() 2 ;OM;e, was |)re“ 
pared 'by sliadeiiig air iae-t'old’ soliitiirii ol:' zitpgcrooe in acpieons 
sodium liydroxidc witli inetliyl siT}}')lia,te. It is alsO' obtained, a.s Inie 
already been ■inootioncd, by Jieatiiig or liydrolysing metliylgin- 
gerol/'’ It dissolves readily in most of tbe usual organic media 
wit1i tbe exception of {>etroleiini: it is iuBDlribl(3 in water or alke'lis, 
and crystallises from abxdiol in (‘oloTirless needles melting nf, 
55 ‘ 5 ~ 56 * 2 ^. 

Foiind: (b.:-G8-0; 11-7*7. 

GioTI'j^iO;. rorinircs (b 09*2; H-'.-7'‘7 |,)er cent. 

Tlie nietliyl deiivative lm.s no |:>]ienolic p'roperi'-ies, but it gives 
the same colour rea<3tion.s with bydroddoric acid a.s does zirigeroim 
itself. It displays kotonic characters, gives crystalline derivatives 
with semicarbazid©, phenylhydrazines, a..nd hytlroxylaniincn It is 
fully saturated, and does not reduce cold permanganate in acetone 
solution or decolorise bromine in chloroform. When oxidised wiili 
pernianganate in dilute aqueous sulphuric acid, it gives vcyra,l}rie 
acid (rn. p. 179°; proof by mixed melting point method). 

C^oHkjO^'NOH, v/as prepared 1:)y wanni.iig 
the foregoing compound in alcioliolic solution, with Irydroxylaminc 
hydrochloride and excess of sodium acehate. It was isola,fif'd 
diluting witli wate.r and extracting with ether. It (.frystalliscs from 
light petroleum or etlier in slender needles melting at 91—92°. 

.Found: C^-GG-f); n = 7*8; ¥-^0*7. 

requires C-64*G,; II>':^7*G; N-G*:! per cnml. 

When dissolved in a little pyridine and ether, 'treatrsl with 
bromi,i:ie water in excess, and then wil.h, liyf.lrogen percfxi<l<3 
(Filoty’s test for ketoxirnes) it gives a dodnite, a,lth(,mgh' not very 
intense, yellowiali-greeii colour (bronn.niitrosouavrnpornid) whicdi 
passes into tbe etiiereal layer. 

Constitution of Methijlmujerone and H^tingerone, 

As the sensitive' phenolic hydroxyl group of ziiigerone is abscnit 
in the methyl derivative, the latter was considered to be tlie ir*ost 
suitable compound with which to begin experiments with, iJie view 
of throwing'light on the structure of these substances'. 

Attempts to bring about the Beckmann change in tiie ommo^ were 
not fruitful, but the oxidation of methylzingerono itself gave the 
necessary clue. 

When the methyl ether was warmed witli aqueous sodium hypo- 
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broHiii'Oj ilio odour of brou'ioforrn hooil heoa.iije |K’roe|'<liihle. uuid ilte 
solid passed into sohiiion. Ai the eufi of suunc fioura’ iid,era,etion, 
Hodiiiiii in e'Ke.ess was a,d(h5fl io' (lesiroy uiiehaJiyofl liypo- 

bromite^ steam wa,s passcai t'hrorp£j;'li ilto solih.ioii (,c) remove carbon 
tetrachloride and otlicr i]npnrii.aes, tlion the acid prodiiets wore 
liberated by achlition of luiueral acid and extracted with etiier. 
The latter extracted a ruixture whitdi oii rcj)eated recrystallisatioii 
fromi ether was resolved, into two main portions, oiio containing 
halogen and tlie other free from it. Tl,ie latter formed plates, and 
when recrystallised from water was found tO' be hydrated, but after 
exposure in a vacuum became auihydrous a.ud meltor! at 95—97^^: 

0*6573 Gram, required 3T5 c.c. iY/10~NaOIT for neutralisation 
with plienolphtlialeiii as indicator, whence tlie equivalent = 208; 
that required for a monobasic acid, Ci„iri;iO/COJl, heing 210. 

The acid agreed in general cliaracters with j8 3:4-diiHcthoxy- 

OMo OM« 

Mc(>< 

( 1 ) ( 11 ) 

plienylprop'loriic acid (I) and t.lds infe'j'c,uce appearoil to 1)0 more 
proba.ble as gingerol had yielded |u,*()tocatechTn{.'- acid and metliyl- 
gingerol, verairic acid (II). It waa clear that methyl rJiigerono 
nmst be the ruetliyl ketone of the acid, or 

a nd tliere forf) |,)robably 

OMi^ 

pJII./GlU-CJO-C'd,,. 

Synthetic ex:|)erimivnts, descri])ed in ,Faa,‘t If., liave established tlie 
trutli of tliisi inference'. Moreovc^r, a. syntlie.sis of yJngorofi,Oi itself, 
Wild,oil is doHcribed in t’i'ic sa,me C0'n:imu,ni<*atioii, Inis nliown tfnit of 
the two a/ltm'native- for,mula. dedueilde from iha.ii of the methyl 
©tiler, tlie formula 

OMo 

IIO(( yoH2d:iJ./CO-CIL,. 

must bo assigned to zingerone; the latter is tliercfore 4,-”,liydroxy-“3- 
rnethoxyphe-nylethyl motliyl ketone. 

The Oo^isfUutioN of GiurferoL 

There-' is no reason to- doubt t,hat, except for the numbers of 
carbon atoms contained i,n th-e residues wliicli I'lirEish. the fatty 
aldehydes on liydrolysis, the- structure of tlie two or more pungent 
constituents of gingo-rol are essentially simila.r, and therefore, 
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tlio following roiriarkt^ o,re ji,p|)lical:»le’ to all i‘iiic’!li 
ooiist-iiHionts, Tlio itsoloculo' ol' iliat coinponont o! giiig^'iaii wliioli 
fiiniisiies licvpin'ilcleliydo clearly lias tlio coni]position ol* a coinpon'rid 
o! tluitr alckiiyde wilili. Kingeroiug that Is, 

irielliylgiiigerol hc^ing C 7 II. 1 O -i- The 'kotonic cliarao- 

ter of these two- conipounds is not a matter reasoriahly admittliig of 
doiibtj but tiie fn net ion of the fourth oxygen atom is certaiiily not 
quite clear. 

It is extremely clilEciilt, if not itnpossible, k) depict a condensa¬ 
tion product of one molecule of l-ieptaldehyde with one of inethyl- 
zingerono wliicli accords wii.h tlie almve (‘onciusions, williout assum¬ 
ing tliat the fourth, oxygen atom ha,s hydroxylic fiiiictioiis. Tint 
only reasonable aitcriiativo would a,];tpear* to involve one of ilie 
following assiiiriptioiis: ( 1 ) that the carhonyl gro!i]cs in the ketone 
and tlie aldehyde are jointly engaged in the gsi’onping 

>cOc< ; 

but this is not in accordance with the ready hydrolysis of gingerol 
and methylgiiigerol with baryta water, as such, complexes are 
normally stable to alkalis; or ( 2 ) that the inok.'ciile contains a 
peroxidedike grouping, such as: 

0—0 0 - 0 

I I or * ^ ’ 

-0—0- ’ -^OOl-b/O 

II I I 

but the twO' substances have none of the cliaracters of peroxides. 
Again, iieitlier of those asBU,mptions is i.ii hanuoiiy with tho' fiuh 
that niotliyigiiigerol reacts witli Iiydroxylaniino, giving a, ki,d,.ox,ime- 
which yields uuclianged methylg’ingerol once more 'l>y inild hydro¬ 
lysis. 

The authors liave hee,u f{)r(,:ed tO' infer, the,ref*oro, that iho fourth 
oxygen, atom has liydroxylic functions, and that tliOi failure,'of 
nietliylgingerol to give methane with mag,iiesium methyl ioditle is 
due to the pri,mary reaction of the reagent with the- carbonyl groii]) 
and the insolubility of the additive product; the reaction of nicithyb 
gingerol with acetyl chloride, and more especially with phenyl- 
carbarn,ide, are- fully in agreement with this view. 

If the presence of the hydroxyl group in methylgiiigerol is 
assumed, then this compound and gingerol itself app-ear a.s 
“ aldola/' and the whole of their properties, including tlie optical 
activity, with one signal diflS-Culty, are readily understood, and tii© 
pungent constituents of gingerol can be represented by one of tlm 
two general, formulae: 
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•00./(jH(0.ll)-[Gl,l5],raHg 

/X." “ 

^!omo 

or 

OH 

/\ '' ® 


1 ^OMo 

OH 


wliere tlio residue ^ is a saturated alkjd radicle, prol)ably 

.normal in all. cases, and 'n = 5 and either 4 or 3 (or both,). Having 
regard to the very general occur.rence in natural products of open, 
straightrcliaiii, aliphatic residues, the .first o,f the two general 
.formula^, appears the more probable. The- optical activity of the 
compounds is explicable on the basis ol eitlier of the foriimlas 
siiffG'estcd. 


Sutnmarp, 

Til© oko-resiii, giugerol, the pinigent principle of Zingiber 
officinale^ wliich. was first investigated by Thresh, and more recently 
by Garnett a,nd Grier, is essentially a mixture of optically active 
saturated phenolic compounds derived from a residue of zi.ngeroue, 
or 4-hydrox,y-3-inetlioxyphenylethyl inebliyl ketone, in assocdation 
with a molecular pro|}ortion of the residue of a saturated aliphatic 
aldeliyde, winch i:n. the mai,n constituent is -/idieptaldohyde. The 
oonstitiieiits are probably aldols ’’ (^-liydroxy-ketoiies) of the 
general type; 

(Vl3(0];i:)(0Me)-CHij*CH5,-C0*CIl2*CH(().II)*[(:TL]n;0 

wliere n in ihoi principal constituent is 5, and 4, or possibly 3, in 
tlie- ,maiii secondary co,nstituent, 

Oi,ily traces of solid matter, of camphoraceoiis a,ppearaiic<5> have 
bee.ii observed in giugerol, but methylgingerol, a mixtiiro of the 
mouometliyl etliei-B of the giugerol constituents, a.ud methylgingerol 
oxinie, lias been obtained in crystalline form. 

The work described in this paper and in Part II. was begun early 
in 1914 and carried to its present stage in July, 1915. 

We desire to express our very cordial thanks to- Messrs. Garnett 
and Grier for entrusting us with the continuance: of their investiga¬ 
tions and for the considerable trouble' they took to-' facilitate^ its 
progress. Grateful acknowledgments' are also- duo to James 
Woolley and Sons, Manchester, for carrying 'out the- large-scale 
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LX.VI.- — , 771.0 Pwifjeid of irinf/(o\ I'^ari 

II, Pijiillhefic Preparaiion.s of Zlvf/ei’ooo.^ 'MeihijP 

zfiporouA.^. ctiid Some .IPl.cUed Aeuls, 


By A-imiuii LAinvoiiTii and F!{,E,i)ri;in('!K IfnNitY Wy.iuos. 

In Fart 1. evidence was adduced i.hat. ilio plicindic kcdoiio^ 
vingerone,’^ obtained from giogerol, the |niiigent o]eo*r6s,in of 
ginger, was 4»l'iydroxy-3-nietlio3cyphenyletliyl methyl kx^toiie (].,) 
a position isonieride, and that ‘Anctliylzingero.ne/' the cor:r<‘.H|)oiH.h 
iiig ketone from methylgingerol/' is ite ineihyl ether, (II), 3:4" 
dimethoxyphenylethyl niethjd ketone. 

CH]/ CHo- C0«0 < IB 0 B .d J'tM 11 i 

/\ * ■ /\' 

I ^OMe ^OMe 

on: OMo 

(I.) (XL) 


The atitliors have prepared thes(3, and also several iniportaail:- 
acids' that were reqiiired for purposes of compa-riaoii, hy syidhetic 
nietliods, which in coi’tain cases represent i.ii(3 first .direOi syiiihescs 
of the” compO'-unrls in quc'-stion and in otJior cnmn Eii't*- or 

give better yields than priwioxis UM-tliods. 

The synthesis of niothylzingerc.me prcs<‘.nt;cd rm ddlfcriliy, as 
3:4“diniethoxystyryI niei.hyl ketone (ll), from vc:raira:i(,h:*.hyde f«id 
acetone, is easily ,mado in good yield and is readily'TlsdncE^d by 
sodium amalgam, giving 3:4<limethoxypheuylethy!,methyl keioiie, 
which is identical with inethykingerone (II). 


Oe: 0 H*O()»GH.^ 

/\ 


OMe 


OMe 


eao 


/\ 


yO.Me 

im 


0 H:CH>C 0 * 0 lis 


OIL 


(IIL) (IV.) (V.) 

'A similar process for preparing 4 -hydroxys34rietlioxypl,i,ciiyIetliyl 
methyl ketone by condensing vanillin (TV). witli acetoin^ a.nd 
reducing the resulting 4-hydrt>xy-S-'metLoxysiyryl moiliyl keioim 
;(V) ,gave very poor yields at each stage, but the final prodiuit was 
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''■jriickly ohi;,iiiieti I'jy i'lie roriowin.y 

Vajiilliii (V) giviis an oxcTllenl yiol<i of oUiyl i^'inillylideticaiTk)-- 
acetate (VI) by Iviioevenagei and Albertts nietljod (Ber.^ 11)04, 
37, 4476),; this iinsatiirated ester was easily reduced by lueaiis of 
sodiiiKi amalgam, and the product with excess of alkali was con¬ 
verted into an acid, doubtless vanilh/lacetoacetic acid (VII), wliicli 
when heated lost the elements of carbon dioxide and was con-* 
verted into zingerone (Y). 


kflICAidCXVEt 

/ \ 

I 

W 

(Jii 


OHTG.HAe/CO,H„ 

^OMe 

Oil 


(JilXJAc., 

/\ 

^jOMe 

Oil 


(VI) 


(VII.) 


(VIIL) 


Synthetic zingerone was obtained in crystalline form, and liacl 
the characteristic s’weefc odour and pungent taste of tlio ketone 
from tlie decomposition of gingerol. The solid when used to infect 
samples of ketone obtained from the drug caused these to solidify 
for the first time. The properties of the synthetic ketone were 
identical in every respect with those of tlm corn pound from ginger. 

An attempt to imitate this synthesis through vanillylidene- 
acetylaeetone (VIII) was not successful, and the reductioii pro¬ 
ducts of the latter compound were not of the type expected. 

The authors’ work included some simple direct syntheses of 
hydroferiiHc acid (.XI) and of hydrocaileio acid (XIII). These 
have previously been obtained by the reduction of syni'.hetic feriilic 
and caffeic acids (Tieinaxm and Nagai, 1S78, 11, 650, 672) 

prepared by the, Perkin “cinnamic acid synthesis/'* As the 
authors* methods, although obviotts enotJgh, are now, if not in 
principle, and are very easily ca-rried out, the steps may be 
indicated. 


Vanillin (V) was condensed with diethyl malonata or ethyl 
cyanoacetate, yielding diethyl vanillylideneinalonate and etliyl 
vanillylideiiecyaiiO'acetate (IX)' respectively. These were readily 
reduced at the double bond, and on subsequent hydrolysis ■ with 
excess of alkali were converted into acids, doubtless vanillylmalojaic 
acid (X) in both instances. The product when heated yielded 
hydroferulic acid (XI). 


OH:0(ON)<COjEt 

OH.-CH(CO,H)3 

CHji-OHj-OOjH: 



/N 

JoM,0 


[ ' jOMe V 

Xh: 


V ■ OH, 


(iX.) 




VOL. CXI. 


%'rl 


(X.) 
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A pioiiisoly riiialogouH process, applied in prolorfd.erluMhleliyriH 
iniifcc^ad of vriuillitJ, gavo hydrocj^ifeic acid (XI11.) throiigli t\hc itiicr 
iiiodialw eoiiilensatioB, product (XIT). 

(.! H yvii, m ^ i Am i 


1, Jo a 

. 

(m 

(xri.) 


jOH 

\,/ 

OH 

(XIIC.) 


It ia worthy of remark that all the uiisatiirated phenolic kefcoioM 
aiid eaters (1^ V, VIIT, IX, and XIl) give solutions in alkali which 
ill tiio tiiinuest layers exhibit an intense yellow colour that clia-” 
appeaiAs on reduction at the double bond. The effect is perliap.s 
iiiost pronounced with (XII), which exhibits with boric acid a 
reaction very like that associated with ciircumin, the colouring 
.matter of turineric. The constitution which Kostanecki suggests 
for curcumin is 


(iE:cH*CH)*a!i.r(jo*on:oH 

/\ 

' Jo Mo ' ioM.e 

\/ \/ 

oh; Oil 


in which case it is obviously very closely related to the similar 
compounds dealt with in the present paper. 

The question of the groupings essential to the pungency of 
giiigerol, zingei'one, and similar compounds is one which one of us 
is hopeful of reserving for a short time. So far, it would appear 
certain that the presence of the free phenolic hydroxyl group is 
esflential, and also, not improbably, the ketonic carbonyl suitalily 
disposed in a saturated chain attached to the phenolic residue. 


,Expbbimbnta.l» 

I. S'l/fUhem of Zingerone (A-Bgdromj-'^-niethoxgfkenpletkf/l 

Methyl Ketone). 

Preparation of EthylmrbonatomniUih^ 

■ 

oOjm-o<( \oHO. 

As vanillin and its acetyl and benizoyl derivatives did not readily 
condense with acetone, the ethylcarbonato-derivative, which is new, 
was prepared by adding one molecular proportion of'ethyl chloro- 
formate to vanillin dissolved in the requisite quantity of A-sodium 



Tim PUNOEHT PRINCIPLES OF GINC4ER. PART II, 


793 


liydroxicle. The derivative sej^arated in the cold in small, white 
needles, and after an hour was collected and crystallised from hot 
alcohol. 

Found: C==63'3; H = 5-9. 

G 11 H 12 O 4 requires 0 = 63*5 3 rr= 6'8 per cent. 

The substance crystallises from alcohol in slender needles and 
melts at 65^. It is slowly hydrolysed by cold dilute alkali. When 
it was dissolved in excess of acetone and the mixture treated with 
a little dilute sodium hydroxide, an intense yellow colour was pro¬ 
duced, and apparently a small quantity of the desired condensa¬ 
tion product was formed, as the neutral product of the reaction, 
when reduced with sodium amalgam, gave an oily mixture which 
had a pronounced pungent taste. The authors have not yet had 
opportunities to follow up these observations. 

Eediictimi of Vanillylidone Derivatives of Acetylacetone and 
Ethyl Acetoacetate, Formation, of Zingerone. 

Vaniilylideneacetylacetone, which was prepared by Knoevenagel 
and Albert/s method ( 7 ier., 1904, 37, 4480), forms an intensely 
yellow solution in sodium hydroxide; this colour is discharged by 
shaking the solution with sodium amalgam, and on saturating the 
resulting liquid with carbon dioxide, an oil, doubtless 
ac!«if.yZace/.one, H: 0 ’CJi 3 ( 0 Me)-CH 5 j-CH(C 0 -CHjj) 2 , is deposited 
and ultimately tends to crystallise; as the oil when heated with 
acid or alkaline hydrolytic agents gave no- product with the 
characters of vanillylacetone, its further investigation was not 
undertaken. 

Ethyl vanillylideneacetoacetate', which was also obtained in 
nearly theoretical yield by Knoevenagel and Alberts method 
cit.^ p. 4476), crystallised in pale yellow needles melting at 
112*5—113*5^, and as Knoevenagel and Albert give the melting 
point as 120-—121®, the authors analysed their product. (Found, 
0 = 63*3; H = 6'0. requires 0=63*5; 11 = 6*1 per cent.) 

The ester was dissolved in 10 per cent, aqueous sodium hydroxide 
and the intensely yellow solution shaken violently with washed, 
fluid, sodium amalgam, the whole being kept very cool. When 
the solution no,longer displayed a yellow colour in thin layers, it 
was separated from mercury, mixed with 35 per cent, of its weight 
of solid sodium hydroxide, and heated for about eight hours on 
the water-bath, when it was' cooled, saturated with carbon dioxide, 
and extracted with ether to remove unhydrolysed ^ethyl mnillyl* 
aceiometmte, OMe*eeH 0 (OH)*'CHg*CHAc*CO 2 Bt,^ an oily ' com- 
pound which represents the first stage in the reduction^ procesa ' ' 

' , 11 ^ 
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Tlie aqueous residue was next acidified and extracted with ether, 
the latter then being dried and evaporated. The oily extract 
was lieated in a vacuum, when at first carbon dioxide was evolved, 
and the residual material distilled at 175—-210^/15 mm. 

In order to separate the products, the distillate was dissoli^ed 
ill aqueous sodium hydroxide, which was then saturated with 
carbon dioxide and extracted with ether (“phenolic extract’’), 
the aqueous residue being subsequently acidified with hydrochloric 
acid and again extracted with ether (“acidic extract”). 

The “phenolic extract” when dried and evaporated left a 
brown oil. This was dissolved in iV^-sodium hydroxide solution 
and treated in the cold with ethyl chloroformate, when the bulk 
of the material in solution was converted into an oi! which 
solidified on scratching the vessel with a glass rod. The solid was 
dissolved in ether, the solution dried, and allowed to evaporate 
spontaneously. Large, tabular crystals were deposited, which on 
recrystallisation from light petroleum formed colourless, hex¬ 
agonal plates melting at 47‘5^. 

Found: C==62*7^ H = 6-7. 

requires C = 63T; H = 6*8 per cent. 

The substance was identical in all respects with the ethyl- 
carboiiato-derivative of the ketone (“zingerone ”) obtained from 
gingerol. 

In order to obtain the free phenolic ketone, the foregoing com¬ 
pound was heated on the water-bath with dilute aqueous sodium 
hydroxide until a homogeneous liquid resulted. Excess of hydro¬ 
chloric acid was then added and the cooled product extracted 
with ether. After drying and evaporating, the ethereal extract 
left a residue, which was distilled in a vacuum, when the dis¬ 
tillate set to a crystalline mass. 

The solid material, obtained as above, was purified by dissolv¬ 
ing it in dry ether, adding enough petroleum to cause a turbidity, 
allowing the^ latter to settle, and then infecting the clear solution 
with a trace of solid 4-hydroxy-3-methoxyphenylethyl methyl 
ketone. On spontaneous evaporation, the liquid deposited lustrous, 
flat, colourless crystals which had the odour of the above ketone 
and melted at 36—37°. 

Found: C==67‘7; H==7'2, 

requires C==68-0; H;=7*3 per cent. 

4-Hydroxy-3”methoxyphenylethyl methyl ketone obtained in this 
way had an extremely pungent taste and was in every respect 
identical in properties with , zingerone.” As has already been 
mentioned, the zingerone from the natural source was not 
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obtained in crystalline condition until infected with a trace of 
the synthetic ketone, which had solidified spontaneonsiy after dis¬ 
tillation in a vacuum. 

4"Hydroxy”3-methoxyphenylethyl methyl ketone is not the only 
product which is formed by reduction of ethyl vanillylideneaceto- 
acetate and subsequent hydrolysis. The ^'acidic extract'^ (com¬ 
pare p. 794) gave on evaporation a small quantity of an acid 
which was moderately soluble in cold water and readily so in hot; 
this formed colourless leaflets melting at 133—134°, and was at 
first believed to be hydrocaffeic acid, which also crystallises in 
leaflets and melts at 137—139°. The substance obtained as above, 
however, Unlike hydrocaffeic acid, gives no coloration with ferric 
chloride, and when it is mixed with hydrocaffeic acid the mixture 
melts at 127—132°. A titration with alkali, using pheiiol- 
phthalein as indicator, gave an equivalent for this acid of about 
240; the quantity of this material obtained in the pure state was, 
however, too small to permit of further investigation. 


Omid(itio7i* and Reduction of Zii-DhnethoxyBtijryl Methyl Eetone, 
Formation of Dimethylcaffeic Add and of Methyhmgerone. 

3:4-Dimethoxystyryl methyl ketone was prepared by condensing 
veratraldehyde with acetone (compare Francesconi and Cusniano, 
Gazzetta^ 1908, 38, ii, 70 et setj,) and purifying it by recrystalHsa- 
tion from light petroleum. (Found: C=70*0; H = 6 * 8 . C 12 H 14 O 3 
requires 0:=69*9; H = 6"8 per cent.) 

The compound crystallises from carbon tetrachloride in micro¬ 
scopic leaflets. When it is warmed with concentrated hydro¬ 
chloric acid, it gives a deep red coloration, doubtless due to the 
intermediate formation of veratraldehyde, which gives a similar 
reaction. 

3:4-Dimethoxystyryl methyl ketone is readily oxidised when 
shaken with aqueous sodium hypobromite, being converted into 
dimethylcafleic acid, C( 5 H 3 ( 0 Me) 2 *CHICH*C 02 H, which was 
isolated in small, flat needles (from water) melting at 180 ^ — - 181 °. 

Eeduction of 3: 4 -dimethoxystyryl methyl ketone with the aid 
of Paal and Skita's or Willstatter's methods did not proceed in a 
very satisfactory manner, but when an alcoholic solution of the 
compound was shaken with liquid sodium amalgam, the bright 
yellow* colour rapidly lost its intensity, and when this process was 
carried out in presence of excess of potassium, hydrogen carbonate, 
good yields of the desired reduction product were obtained. It 
was isolated by diluting the' aqueous-alcoholic solution with water, 
extracting with ether, and shaking the etbereal extract with 

X 2 ' 
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freshly prepared sodium hydrogen sulphite solution. The solid 
hydrogen sulphite compound was collected, washed with ether, 
dried, and then decomposed by warming it with excess of aqueous 
sodium carbonate. By extracting the resulting liquid with ether, 
3:4”dimethoxyphenyIethyl methyl ketone was obtained in quantity 
corresponding with about 80 per cent, of that theoretically possible. 
It was purified by crystallisation from methyl alcohol. 

Found: 0-69*4; H = 7*S. 

OigHjeOg requires C = 69*2; H —7*7 per cent. 

The substance formed colourless, odourless needles melting at 
55—56°, and its identity with ‘‘'methylzingeroiie,’' obtained by 
methylating “zingerone'^ or by the decomposition of inethyh 
gingerol,^’ was established by the usual methods. Its colour 
reactions with hydrochloric acid and the properties of its oxime 
(long, white needles, rn. p. 92°) were indistinguishable from those 
of the corresponding compounds obtained from ^'gingeroL’^ 

III. Synthesis of Eydroferulic Acid, 

Ethyl Vanillylidenecyanoaceiate) 

OMe 

ho/ ^CH:C(0N)-C02Et. 

Vanillin and ethyl cyanoacetate were mixed in molecular pro¬ 
portions and heated on the water-bath until a homogeneous liquid 
was obtained, when a few drops of piperidine were added and 
the heating was continued until a test portion solidified com¬ 
pletely. Alcohol (twice the weight of vanillin present) was added, 
and the whole allowed to cooL The crystals obtained were washed 
with dilute hydrochloric acid, dried, and crystallised from alcohol. 
With material obtained from mother liquors, the total yield of 
condensation product approached that theoretically possible. 

Found: C=62*2; 

C 13 HJ 3 O 4 N requires 0 — 63*1; H —5*3 percent. 

Ethyl vanillylidenecyanoacetate separates from alcohol in 
yellow needles melting at 107°. It dissolves in aqueous sodiuiii 
hydroxide, giving a solution which shows an intensely yellow 
colour even in thin layers; it is reprecipitated unchanged from 
this solution on the addition of acids. 

Formation of HydroferuUc Acid from Ethyl Vanillylidefu- 

cyanoacetate, 

,' The reduction. of ethyl vanillylidenecyanoacetate was accom¬ 
plished by means of sodium amalgam in precisely'the same manner 
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as was used for tlie reduction of ethyl vanillylideneacetoacetai.e 
(p. 793). Tlie reduction product [maiuly, no doubt, a mixture 
of vanillylcyaiioacetic acid, I-IO*C 6 H 3 (OM'e)*CI-Io*CH(CN)*C 02 H, 
and its ethyl ester] was heated with excess of potassium hydr¬ 
oxide until the ester present had been completely hydrolysed, when 
excess of acid was added and the liquid extracted with ether. 
The latter was evaporated and the residue heated in a vacuum 
to expel carbon dioxide; the hydroferulic acid left was purified 
by converting it into its lead salt, which is very sparingly soluble 
in water, and decomposing the latter in aqueous suspension with 
hydrogen sulphide. 

Hydroferulic acid, obtained in the above way, crystallises from 
hot water in stout, white needles melting at 89—90®. It dis¬ 
solves ‘readily in hot water, less readily in cold, and only spar¬ 
ingly in concentrated hydrochloric acid. Its aqueous solution 
gives no coloration with ferric chloride. (Found: C = 60'6; 
H = G'2. C|oIIj2^4 requires C = 60'6; H = 6’l per cent.) The acid 
agreed very closely in properties with those assigned by Tiemann 
and Nagai (5<sr., 1878, 11, 650) to the acid obtained by the 
reduction of ferulic acid. 

Diethyl vanillylidenemalonate, HO-CoHg(OMe)-CH:C(C02Et)2, 
was prepared from vanillin and ethyl malonate by Knoevenagel 
and Albert's method (loc. cit., p. 4481). It had the properties 
ascribed to it by these authors. 

On reduction with sodium amalgam and subsequent treatment 
in the manner described in the case of ethyl vanillylidenecyano- 
acetate, it yields hydroferulic acid. 


IV. Synthesis of Hydrocaffeic Acid, 

Hydrocaffeic acid was prepared by Tiemann and Nagai {Ber,, 
1878, 11, 672) by the reduction of synthetic caffeic acid. The 
following is a simple alternative synthesis. . 


Condenmiion of Protoeatechualdehyde with Ethyl Cya/ioaeeMte, 
Formation of Ethyl a-Gyanocaffeate, 

OH 

HO<( )>CH:0(0N)-C02Et. 

This condensation was effected by means, very similar to' those 
used in similar condensations in previous sections, but, it was 
found desirable to dilute the mixture of aldehyde' and e'ster with ^ 
a little absolute alcohol. The product, which was' contaminated 
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with a brown im,parity, was purified by extraction with benzene 
and recrystallisation therefrom. 

Found: C=61*6; H=:4-9. 

C 12 H 11 O 4 N requires C —61*8; H = 4*7 per cent, 

Ethijl a-ci/aiiocaffeate is a yellow, inicrocrystalline solid which 
melts somewhat indefinitely at 162—166^, and dissolves in alkali 
to give an intensely orange solntion. A test-paper made by 
dipping paper in an alcoholic solntion of this ester behaves 
towards boric acid in much the same way as does turmeric paper, 
that is, if moistened with boric acid solution and then heated it 
turns brown, but the temperature required is somewhat higher 
than with turmeric. 

Formation of Hydroeaffeic Acid from 'Ethyl a-Cymio caff eat e. 

A solution of ethyl a-cyanocaffeate in alkali was reduced with 
sodium amalgam until colourless. The resulting liquid, which 
very quickly turned brown on exposure to air, was made strongly 
alkaline by the addition of solid sodium hydroxide, boiled for 
two days under a reflux condenser, cooled, acidified, and extracted 
with ether. The ethereal extract grave an oil which soon deposited 
crystals; these were not isolated, but the whole was heated to 
expel carbon dioxide, then dissolved in water, treated with animal 
charcoal, and allowed to crystallise. The crystals of hydrocaffeic 
acid obtained in this way were hexagonal leaflets melting at 
138—139^, were moderately soluble in cold water, readily so’ in 
hot, and their aqueous solution gave a green colour with ferric 
chloride, cdianging to a rich purple on the addition of ammonia. 
These properties correspond closely with those assigned to hydro¬ 
caffeic acid by Tiemann and Nagai {loc, cit.). 

The authors have also found that hydrocaffeic acid is readily 
obtained from hydroferuHc acid by heating it with dilute hydro¬ 
chloric acid (about 5 per cent.) at 200 ^ for six hours in a closed 
tube. 

Acknowledgments are due to Mrs. L. Kletz Pearson, who kindly 
carried out some preliminary experiments on the preparation of 
vanillin and veratraldehyde derivatives. 

Organic Chemical Laboratories, 

The University, Manchester. 


[Bec&ived, April 27th, 1917.] 
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LXA^IL—17i6 Determination of Ozone and Oxides of 

Nitrogen in the Atmosphere. 

By Francis Lawry Usher and Basrur S'anjiva Rao. 

The invesitiga'tion recorded in this paper arose' from the observation, 
common to residents in tropical climates, that rubber articles and 
cotton and silk fabrics perish, and certain colouring matters are 
bleached, far more rapidly than in temperate latitudes. The 
explanation which at firat seems natural, namely, that increased 
temperature or increased intensity of light, or both of these, may be 
chiefly responsible for the observed eJffects, appears to be inadequate 
because, although the factors named undoubtedly contribute to the 
deterioration of certain articles exposed to their influence, this 
deterioration is well marked in the case of articles kept in coiupara- 
tive darkness. An alternative hypothesis is that the' atmosphere in 
the tropics contains some chemically destructive substance wliicli is 
either absent from, or present in far smaller quantity in, the atmo- 
sphere of higher latitudes. This liypothesis obviously suggests ozone 
as the substance postulated, and it receives support from the well- 
known observations that tropical sunlight exceeds both in quantity 
and in actinic power that of temperate climates, and that ozone is a 
product of the action of ultra-violet light on oxygen. We have 
been unable to discover any satisfactory record of experiments on 
the amount of ozone in the atmosphere in the tropics, and since the 
question is one of considerable practical importance as well as of 
scientific interest, the problem has been attacked experiinentally in 
Bangalore. The experiments so far carried out do not support the 
hypothesis, But at present they are too- few to permit any definite 
conclusion being drawn. The object of the present paper is to 
show that the methods of estimation hitherto fwactised are prol)ab!y 
untrustworthy, and to describe a new method which we believe to 
be free from their defects. This method is applicable to the esti¬ 
mation of ozone, nitrogen peroxide, and, in certain cases, of hydro¬ 
gen peroxide-. 

Previous Work. 

Much work has been done on the methods of estimating ozone 
and on the application of those' methods to the analysis of the atmo¬ 
sphere; a useful summary of it is given in a paper on the subject 
by Hayhurat and Pring (T., 1910, 07, 868). Besides the work cited 
in that paper, we- may mention that o-f Keiser and McMaster {Amer, 
Ckmi. 190'8, 39, 96), who used a solution of. permanganate to 
distinguish between ozone, hydrogen peroxide, and nitrogen ■-per* ■ 
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oxide. Accordii]g to these authors, air when passed through per™ 
luaiigaiiate solution is deprived of hydrogen peroxide and nitrogen 
peroxide^ and any ozone which it may contain., being unaffected hy 
the permanganate, can be estimated by one of the usual methods. 
On the other hand, if the air is passed over powdered manganese 
dioxide, both ozone and hydrogen peroxide are destroyed and the 
nitrogen peroxide may be estimated. finally, passage through 
eliroiiiic acid serves to distinguish between ozone and hydrogen 
peroxide^, of which it destroys only the latter. 

Rotliniimd and Burgstaller (Mo)iaUh., 1913, 34, 75) showed that, 
in the estimation of ozone and liydrogen peroxide, potassium iodide 
is untrustworthy on account of secondary reactions, but pointed 
out that satisfactory results could be obtained by substituting the 
bromide in acid solution for the iodide, and by subsequently adding 
iodide and titrating the liberated iodine. This process is, however, 
imsuited to the estimation of ozone in exceedingly small concen¬ 
trations. 


Value of Frevlous Determinatious of Ozone. 

Before describing a new method, it is desirable to state the 
grounds on which the older methods are held to be objectionable. 
In the absence of a generally accepted standard method, the objec¬ 
tions are necessarily incapable of direct proof, but are none' the less 
valid. In some instances, the results obtained by different methods 
under the same conditions of time and place' are mutually contra¬ 
dictory, but usually no such check is available, and in that case the 
experiments may be open to criticism on physical and chemical 
grounds. Objections on physical grounds are best exemplified in 
the method adopted by Hayhurst and Bring Qoc, cit.), and subse¬ 
quently used in a slightly modified form by Bring (Proc. Eoj/. Soe,^ 
1914, [A], 90, 204). Here the air to be examined was blown across 
the surface of a liquid reagent contained in a shallow vessel, the 
efficiency of the arrangement having been tested by passing the 
gases from an ozoniser, mixed with excess of air, through two such 
vessels at the rate of 6 litres per minute, and considered satisfactory 
because all the ozone was taken up in the first vessel, and no 
appreciable liberation of iodine occurred in the second/' The only 
conclusion that can justifiably be drawn from this experiment is 
that the greater part of the ozone in a mixture which was presum¬ 
ably far richer in that gas than is atmospheric air was absorbed in 
the first vessel, whereas the only important question, how miich 
ozone escaped absorption, is left unanswered. Chemists who have 
been concerned with the removal of minute traces of a gas by a 
liquid absorbent will have difficulty in assuming that ozone present' 
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to tlie iiiaxiiiiurii exteut of, say, 1 part iu 200,000 parts of air can 
have been quantitatively absorbed under such conditions, for it is 
the last traces of the absoi^bable gas that’ are so difficult to remove 
from a inixtiire. Tlie foregoing criticism, is probably applicable, 
although not in so* marked a degree, to all estimations of ozone 
where' the curre'iit of air has not been finely subdivided, either by 
passage over a closely packed solid reagent or mechanically before 
passage through a liquid reagent. 

Unless the error introduced by inefficient absorption is large 
compared with the quantity to be measured, it is important only in 
those experiments which claim to have a quantitative significance; 
whereas if they are objectionable on chemical grounds even their 
qualitative value may be questioned. We venture to suggest that 
all the recorded determinations based on the direct use of potassium 
iodide are untrustworthy for the following reasons, in addition to 
those stated by Rothmund and Burgstaller (loc, oit.). (1) The 
liberated iodine is appreciably volatile in the curi*ent of air, even 
when fairly concentrated potassium iodide is used; (2) when iodate 
is formed, the reaction between the iodic and liydriodic acids which 
occurs when the liquid is acidified is very slow at great dilutions; 
(3) any nitrous acid present is reduced to nitric oxide, which then 
combines with dissolved oxygen and furnishes more iodine; (4) solu¬ 
tions of potassium iodide are unstable in the presence of air, even 
in the dark. It is true that the diffi.culties under the first three 
heads might be surmounted, but the oxidation of a neutral iodide 
solution by air in the dark is bound to occur unless some suitable 
negative catalyst can be found, and must vitiate the results of any 
experiment in which a long time elapses between its commencement 
and the final titration. Most previous workers who have examined 
the stability of potassium iodide sohitions agree that iodine is 
liberated by the combined action of air and light, and that in the 
presence of acids-~*-even of so weak an acid as carbonic—‘Oxidation 
may take place in darkness, but it has been found that carefully 
purified iodide also furnishes iodine in the dark, as is seen from the 
following figures (p. 802), which relate to solutions kept in darkness 
for two days in the presence of air freed from oxidising impurities. 

The error introduced in this way is certainly small if an experi¬ 
ment is of short duration, but in some of those carried out by 
Hayhurst and Pring nearly three weeks elapsed before the solution 
was titrated. Even when determinations are carried through 

^ Ordinary ‘^pure ” potassium iodide appears always to contain free 
alkali, as weE as iodate, and it is possible that the presence of the ^ former 
accounts for the negative results obtained by some. The iodide used in cur 
own experiments was treated with aluminium'amalgam to reduce the iodate, 
and was reoiystaEised from alcohol to remove the alkali. 
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C.c. 

A^/lOOO-thioauliiImto 

■_ 1 ..., 


^ eqiiivaleiit to 
iodijio 

Kxpeti- ^ ^ ^ m froo 

mexit. Solution in contact with iodine. iodato, 

I. Piirliiod air containing carbon dioxide .. 1*55 nil. 

II. Purified air free from carbon dioxide . IdlO 0-4 

III. SajTio as in II.; more concentrated Bolution... 1*40 0*7 


rapidly, liowever, tlie unavoidable errors due to secondary reactions, 
deraonstrated by Rotlimuixd and Biirgstaller, remain. The siibsib 
tiution of cadmium potassium iodide foa* potassium iodide, recom¬ 
mended by Baskerviile and Crozier (./. (Jhem. Soc., 1912, 

34, 1332), does not seem likely to eliminate tliose errors, the only 
advantage claimed for the cadmium salt being that it is more 
stable to light and to certaixi impu-rities. 

The method proposed by Keiser and McMaster (loc, cit.) is open 
to several objections. In the first place, ozone will not pass un¬ 
changed through permanganate solution unless nitrogen peroxide 
and hydrogen peroxide are absent, for both these substances reduce 
the permanganate to a manganous salt, which is known to be 
attacked by ozone. Moreover, the speed of the reaction between 
nitrous acid and ozone in aqueous solution is comparable with that 
of the reaction between nitrous acid and permanganate, so that a 
coxxsiderable proportion of the ozone must be destroyed during its 
passage through the solution, and the amount of nitrous acid found 
must be too low. Finally, the actual estimation of ozone was carried 
out by the potassium iodide method. 


Experimental. 

The initial difficulty lay in securing the quaiititative removal of 
the very minute traces of ozone and oxides of nitrogen present in 
air, for which purpose probably the only effective apparatus is tiiat 
devised by Eeiset and described in Hempel’s ‘^Methods of Gas 
Analysis.'^ By using this contrivance it would have been possible 
to deal with very large quantities of air, and to attain a corre¬ 
sponding accuracy; but there is one serious objection to such a 
procedure, namely, the risk of decomposing the ozone catalytically 
during its passage through the fine perforations in the platinum 
disks. Tliis risk would probably be serious even if glass disks were 
used in place of platinum, for it is known that ozone is decomposed 
hy contact with broken glass. The alternative method is to shake 
the reagent with a known volume of'air in' a closed vessel, but if 
this is done the'maximum quantity'of air that can, be conveniently 
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dealt witli is about 7 litres, which may be expected to contain not 
more tliaii 01)2 milligram of 07.0'ne. This is just ten times the 
quantity that can be detected ]>y any process involving a titration 
of iodine, and since no other titration process is so sensitive it was 
necessary either to sacrifice accuracy or to employ a more sensitive'' 
method. After prolonged trial of various processes— chiefly modi¬ 
fications of Rothmund and Burgstaller’s—we finally adopted the 
one which, will now be described. Its trustworthiness and accuracy 
will be discussed later. 

In principle the method is extremely simple, and depends on the 
reaction between ozone and alkali nitrite in aqueous solution, a 
reaction which we have found to take place quantitatively accord¬ 
ing to the equation: 

Og -f NaNO., = O 2 4- NaNOs. • 

Two samples of air are taken and collected in 7-litre stoppered 
bottles. One sample is admitted through two tubes containing 
respectively chromic acid and powdered manganese dioxide, and 
the other through, a tube containing cliromic acid only. The 
samples thus collected are shaken with a dilute standard solution 
of sodium nitrite made slightly alkaline, and the nitrite content of 
the bottles is subsequently determined colorimetrically by the 
Griess-Ilosvay method (production of red dye with a-naphthylamine 
and sulphanilic acid; see Sutton^s ‘‘^Volumetric Analysis,’’ 9th ed., 
p. 449). The first sample of air contains only nitrogen peroxide, 
the ozone and hydrogen peroxide having been destroyed, and the 
increase in the quantity of nitrite in the bottle is equivalent to the 
nitrogen peroxide absorbed. The second sample contains ozone 
and nitrogen peroxide, and the difference hetween the quantities 
of nitrite in the two bottles after shaking is equivalent to th© ozone 
present. The particulars of th© procedure at present adopted are 
as follows, and since the success of the method depends on the car© 
observed, in attention to small details, these will be dealt with rather 
fully. 

The vessels used for collecting the air are 5-kilogram ammonia ” 
bottles with glass stoppers, and have a capacity of about 7 litres, 
They are cleaned thoroughly with chromic acid mixture, washed 
with purified water, and afterwards left for several days full of 
ozonised air to remove all traces of oxidisable matter. The stoppers 
must fit accurately , and I)©- free from grease. Tlie samples of 
air are collected over water, and it is necessary that the latter 
should be quite free from dissolved impurities, particularly nitrous 
acid. We prepare a large quantity of distilled water of suitable 
purity and keepdt in a stock bottle, protected from, the atmosphere, 
the: same water being used"repeatedly,'^and .tested;'at frequent 

'' /'• - - ' " ' ■■ '. ^ 
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iiitervalsH. TfK> luainier ot‘ iilliog the 'bottles with air is important^ 
tlie following method having been found the most satisfactory. 

The bottle (4 ) is first filled completely with purified watei% and a 
rubber stopper is then pushed into the neck, This stopper carries 
two tubes, of which o^ne (B) admits air, whilst the other (G) serves 
as an exit for tlie water. The tube (('/) is about SO cm. long and 
of 3 mm. bore, and projects only 1 or 2 rnm. inside the stopper, the 
oilier end being provided with a tap. (B) is of capillary bore, and 



passes to the bottom of the bottle. Outside the stopper it is sealed 
to the tube' or tubes containing the chromic acid and manganese 
dioxide: only sealed glass junctions are permissible in this sys^m 
of tubes. On inverting the whole apparatus and opening the tap, 
the bottle fills with air, the volume of which is equal to thrt of 
the water that escapes. The object of this arrangement iS, of 
course, to avoid bubbling the air through water, which might 
deprive it of part of the ozone and oxides of nitrogeu.^^^^^ T^^^ tap is 
regulated so that air enters at the rate of about 1 litre per minute. 
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The chromic acid tube lia.s a bore oi' 1 cm,, and may be either 
straight or U-sliaped. It is filled with glass beads coated witli 
purified solid cliromic acid, and for safety these beads should 
occupy 30 cm. of the tube. Chromic acid purchased as “ pure^’ lias 
been found fo contain traces of nitric acid, and contaminates air 
passed over it with nitrogen peroxide. The reagent is therefore 
prepared by precipitating barium chromate, washing this thor¬ 
oughly with water, and then digesting it with moderately dilute 
sulphuric acid, free from nitric acid. The solution of chromic acid 
thus obtained is treated with sufficient baryta water to remove 
any sulphuric acid, and is then concentrated on a water-bath until 
it becomes pasty. At this stage the glass beads are stirred into it, 
and are then introduced into the tube that is to be used, and dried 
in a current of air at 100^. 

The manganese dioxide is mixed with asbestos wool that has been 
well washed and ignited, and the mixture is packed into a tube 
which may safely be one-half the length of the chromic acid tube. 
It is necessary to test the manganese dioxide, since some specimens 
contain traces of alkali or of manganous oxide, and may take up 
small amounts of nitrogen peroxide. 

When the samples of air have been collected the rubber stoppers 
are withdrawn and immediately replaced by the glass ones. The 
latter are then lifted just sufficiently to admit the point of a 
pipette, and the following liquids are introduced : (1) 25 c.c. of 
A/40,000-sodium, nitrite, made up with i\^/1000-sodium hydroxide 
in place of water; (2) 100 c.c. of pure water. The water used in 
tliesei experiments must, of course, be proved free from nitrous acid 
or any other impurity that could affect the result, and the sodium 
liydroxide must be prepared from metallic sodium and purified 
water, since the solid as purchased always contains traces of 
nitrite. After the introduction of the liquid, the stoppers are 
secured and the bottles shaken for at least half an hour on a 
sliaking machine'. The contents of each separately are then made 
up to 250 c.c. These solutions are examined separately in the fol¬ 
lowing way. Fifty c.c. are mixed with 5 c.c. of the Griessr-llosvay 
reagent in a small stoppered flask, which is then kept in a water- 
bath at 75^ for ten minutes. At the same time 50 c.c. of a standard 
sodium nitrite solution (A/400,000) is treated in exactly the same 
way. The solutions are then placed in the observation tubes of a 
Duboscq colorimeter and their strengths compared. Headings are 
taken for eight different positions of the tubes. 

A simple formula can be obtained for calculating the results : 

let F = c.c. of air collected through chromic acid, 

r = ratio of length of column of standard solution to that 
of column of. experimental solution* 
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Then the voliiine concentration of nitrogen peroxide will be 
1 ill F/0-014(r~l) of air. And if 

of air collected through chromic acid and manganese 
dioxide, 

r'"r= ratio of length of column of standard solution to that of 
coliniin of experimental solution, 

the volume, concentration of ozone will be 1 in l/0’007(?7 F — 

I V^) of air, assuming that nitrite solutions of tlie strengths given 
above are used. 

It is, of course, possible to estimate hydrogen peroxide in addi- 
tion to ozone and nitrogen peroxide, by collecting a third sample of 
air which has not been passed over any reagent, and treating it 
in exactly the same way as the other samples,''" but probably this 
determination would be unsatisfactory in any place where the air 
was not exceptionally '^pure/' especially if traces of sulphur 
dioxide or hydrogen sulphide were present. 


Critical Exm^inatioii of the Foregoing Method, 


Since it is claimed that the process just described is more trust¬ 
worthy than those previously used for the determination of ozone 
and oxides of nitrogen in the atmosphere, and should replace them, 
it will be well to state the grounds on which that claim is based. To 
give- full experimental details would make this paper inordinately 
long; we shall therefore mention only the results of a number of 
experiments which have been made to test various possible sources 
of error. 

In tlie first place, the reaction on which the metliod is based is 
complete even at very great dilutions. This was proved by sliaking 
a small quantity of exceedingly dilute nitrite solution for hairaii 
hour with air containing, in one case, a slight excess of ozone, and 
in the other a slight deficiency; it was impossible afterwards to 
detect nitrite in the first or ozone in the second. The nature of 
the reaction could not be investigated at very great dilution owing 
to the absence of a standard method by which to check tlie estima¬ 
tion of ozone, but it was elucidated in the case of ozone concentra¬ 
tions between 0*01 and 0'08 per cent, by tlie application of the 
potassium bromide method. Two bottles were filled simultaneously, 
through a T-tube, with feebly ozonised air, and the |>ercentage of 

' It has been found that hydrogen peroxide does,not oxidise nitrite in 
alkaline or neutral solution, but does so rapidly in acid solution. In esti¬ 
mating hydrogen peroxide it is therefore necessary to acidify' the liquid. 
This must foe done just before addition of the Griess-Ilosvay reagent. 
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O'ZOiie iu it was determined by the nitrite and bromide metiiods 
respectively. Four experiments gave the' following results: 

I. IL III. IV. 

Nitrite method . 0*0263 0*0136 0*0124 0*0802 per cent. 

Bromide method ... 0*0254 0-0127 0*0124 0*0800 ’ 

The calculations were made on the assumption that one molecule 
of osone' reacted with one of so'dimn nitrite, and the satisfactory 
agreement shown by the figures proves that assumption to be justi¬ 
fied. The following facts were established by further experiments. 

(1) When purified air is shaken with water or an aqueous solu¬ 
tion for one hour, no detectable quantity of ozone is produced. 

(2) Ozone at a great dilution is not appreciably destroyed when 
shaken with water for one- hour. 

(3) Hydrogen peroxide present as vapour in air is completely 
destroyed* by passage of the air, at a rate not exceeding 1 litre per 
minute, through a chromic acid tube prepared as described above. 

(4) Ozone is completely destroyed by passage through a tube con¬ 
taining asbestos-wool mixed witb manganese dioxide. 

(5) Ozone is not affected by passage over chromic acid. 

(6) Nitrogen peroxide is not absorbed from air containing it by 
solid chromic acid f or by manganese dioxide, provided the latter 
contains no alkali or manganous oxide. 

(7) 400,000-Sodium nitrite solution undergoes no alteration 
in strength by shaking for two hours with purified air. 

(8) If air containing nitrogen peroxide is passed through a tube 
of manganese dioxide (a) alone, and (5) with ozone, the amount of 
nitrogen peroxide recovered is in each case the same as that which 
was introduced. 

Effect of Impttrities. 

The presence in air of traces of ammonia, sulphur dioxide, and 
hydrogen sulphide does not interfere with the estimation of ozone 
and nitrogen peroxide, since all three gases are- completely 
absorbed during passage through the chi'oinic acid tube. Air 
charged with small quantities of these impurities was passed through 
the chi^omic acid tube and afterwards shaken with a sensitive 
reagent, and in no case" was the latter affected. Nessler’s reagent 
was used for detecting ammonia, dilute permanganate for sulphur 
dioxide, and an alkaline lead solution for hydrogen sulphide. It 
is difficult to say whether traces of ammonia would affect the esti- 

^ By completely destroyed” we mean that the quantity of substance 
remaining was undetectable by the most delicate tests. 

t Even chromic acid solution absorbs nitrogen peroxide, witb great diffi- 
oulty^ In one experiment several ' hours^ shaking was necessary ' before it 
became impossible to' detect nitrogen peroxide in the residual air. 
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inatioii of hydrogen peroxide, but the other two gases would cer¬ 
tainly invalidate it. For this reason wo attach no importance to 
the nitrite process for the determination of hydrogen peroxide, 
although it might be used in places far removed from towns and 
railways, where sulphur compounds can be shown to be absent. In 
this connexion we would point out that the estimation, and even 
the detection, of hydrogen peroxide in the atmosphere presents 
great difficulties. Hitherto titanium sulphate has been used for 
the purpose, but since nitrous acid immediately destroys the yello^w 
colour produced in that reagent by hydrogen peroxide, and ozone 
does so less readily, it is clear that the absence of a coloration does 
not prove the absence of hydrogen peroxide, although the produc¬ 
tion of the colour would be a qualitative proof of its presence. 

Other impurities likely to be present in air are probably without 
any effect on the process. Chlorine or hydrochloric acid would 
make the estimation of nitrogen peroxide impossible, but would 
not affect that of ozone. 

Accuracy, 

The accuracy of the determination is limited by that of the final 
comparison of colours, provided the experimental solutions are 
developed by the Griess-Ilosvay reagent always under the same 
conditions. In order to find the degree of accuracy obtainable, two 
equal quantities of the same nitrite solution were developed and 
compared. The mean ratio of the lengths of the columns of liquid 
given by eight readings was 1’012 instead of the correct value, 
I'OOO. This error corresponds with 1 part of ozone (or nitrogen 
peroxide) in 25 millions, and is therefore unimportant, for a differ¬ 
ence of this ox'der of magnitude possesses no interest. A source of 
error was certainly present in our own experiments, in the cluuig- 
ing of the stoppers of the bottles containing the samples of air, and 
in lifting them for the purpose of introducing liquid. The amount 
of diffusion that could take place in two seconds through the neck 
of a bottle of 7 litres’ capacity must, however, be very small, and 
the remedy is obvious, although we were unfortunately not able 
to apply it. 

EesuUs of DeterminMions, 

Hitherto only fourteen complete determinations have been 
made, covering the period between July, 1916, and January, 1917. 
The results are interesting chieffy because on no occasion was any 
ozone found. Indeed, with two exceptions, no one of the three 
substances looked for was found in a quantity exceeding 1 in 
20 millions. On November 18th, and again on the 22nd, nitrogen 
peroxide was present to the extent of 1 part in 5 millions and 1 in 
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4. iiliilioris respectively, the weather having been thundery, with 
very little rain, during the preceding week. The twelve negative 
results show, more clearly than argument, the trustworthiness of 
the process adopted, in the sense that in spite of its delicacy (the 
Griess-Ilosvay reagent used in the way we have described is sensi¬ 
tive to 1 ' part of nitrogen peroxide in 56 millions of air) it is 
possible with care to obtain concordant results. 

The interpretation of the results may well be deferred until a 
much greater number, covering a longer period, are available. Wo 
may remark, however, that there is some ground for the opinion 
that ozone and nitrogen peroxide never occur together in the atmo¬ 
sphere. It has been shown that, at moderate dilutions, ozone 
rapidly oxidises nitrogen peroxide, so that the latter substance 
cannot be detected, for example, in the air from an ozoniser, whereas 
nitric acid is found in water through which such air is passed 
(compare Chapman and Jones, T., 1911, 99, 1813). If this oxida¬ 
tion takes place at the great dilutions in which ozone must be 
supposed to exist in the atmosphere, it not only helps to explain 
the surprisingly small quantities both of ozone and of nitrogen 
peroxide found, but may also be considered an important factor 
in the production of the nitric acid wdiich is a normal constituent 
of air. 

Cbhtral College, 

JlANaALOEB, S. India. [Eeceived, May ISth^ 1917.] 


LXVIIL —Compounds of Ferric Chloride with Ether 
and with Dibenzyl S%dphide. 

By Aquila Forster, Christopher Cooper, and George Yarrow. 

The work described in this paper was brought to a close in August, 
1914, and as an early return to these investigations does not seem 
probable, it is thought advisable to place on record such results 
aa were obtained. 

As examples of double compounds of metallic chlorides with 
ether may be quoted 

GlGT 2 , 2 (C 2 Hfi ).>0 (Atterberg, Ber., 18T6, 9, 856). 

AiBr3,(C2Hr,)3b; HgBr2,3(C2H^)20; ShBr^, (0^15)20 (Nickl^s, 

JahreBher.j 1861 / 200 ). 

TiCl^,( 02115)20 (Bedson, Journ. Qhem. Soc,, 1876, 1 , 311). ' ' 

In the following work,, a double compound of ferric oHoride 
and ether has been isolated and its properties have been examined. 
TOL.'OXI. ' ■ K'K 
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It lias been found to combine with ammonia and with organic 
amines^ forming insoluble, unstable comi^lexes. 

A double compound of ferric chloride with benzyl sulphide has 
also' been isolated. With benzyl chloride it forms tribeiizyb 
siilphinium chloride t'errichloride, a compound prepared by Hof- 
inami and Ott (Ber,, 1907, 40, 430) by the condensation of 
benzyl sulphide, benzyl chloride, and ferric chloride. By means 
of these reactions, tribenzylsulphiiiiiim cyanide ferrichloride has 
been prepared, from which the free salt, tribenzylsulphinium 
cyanide, has been isolated. 

E X P E K I M E N T A L. 

Ether Ferric (Jhloride. 

Ten grams of anhydrous ferric chloride were added gradually 
to an excess of pure dry ether. The ferric chloride dissolved with 
the evolution of much heat, and during addition the mixture was 
cooled. The solution was placed in a desiccator, the excess of 
ether distilled off under diminished pressure, and the residue dried 
on a porous plate in a vacuum for several days. The product was 
a dark red, highly deliquescent solid, soluble in benzene, alcohol, 
or water : 

0-6390 gave 0-2305 Fe^O^ and 1*1293 AgCL F©=25*2; 
Cl ==44*02. 

C 4 HioO,FeCl 3 requires Fe = 23’7; 01 = 45*0 per cent. 

In boiling benzene solution no chlorination was observed. 
Alcohol and water immediately decompose the compound into 
ferric chloride and ether. 

Action of Heat on Ether Ferric Ohhmde, 

At 100*^ ether ferric chloride slowly decomposes witli tlie evolu¬ 
tion of ethyl chloride. This decomposition takes place qiianilta- 
tively at higher temperatures over the free flame, pure ethyl 
chloride being obtained according to the equation: 

(C.>H 5 ). 2 p,FeCl 3 = 20211501 + FeOCl. 

The ethyl chloride burnt with the characteristic green flame 
and gave a precipitate of silver chloride with a solution of silver 
nitrate in nitric acid. The gas was condensed in tubes in a freez¬ 
ing mixture, .and the weight obtained corresponded closely with 
the loss in weight of the ether ferric chloride in agreement with 
the above equation. The liquid ethyl chloride boiled at 12—13^ 
and its vapour density was found to be 35‘6 (calc., 32*2), In one 
experiment 19*5 grams of the compound lost, on heating, 10*1 
grains, or 52 per cent., whilst the theoretical loss, according to the 
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above eqiiatioHj is 54 per cent. The ethyl chloride collected 
weighed 9’6 grams. 


The Aeiian of A mtnonia on Ether Ferric Chloride. 

On passing dry ammonia gas into a solution of ether ferric 
chloride in cold ether or benzene, a brick-red, amorphous powder 
separated. This was non-hygroscoiDic, insoluble in organic solvents, 
and was immediately decomposed with water or alcohol. With 
water, some samples dissolved, whereas^ others deposited ferric 
hydroxide, with solution of ammonium chloride. » An analysis 
showed that the ammonia absorbed varied indefinitely from one 
to five molecules per molecule of ether ferric chloride, and a pro¬ 
duct of definite composition was not prepared, although no doubt 
this could be effected by the use of solutions of ammonia in place 
of ammonia gas. On destructive distillation, these substances gave 
ammonia and etbylaniines, etc. 

Aniline forms a double compound with ether ferric chloride 
which separates in dark brown plates, decomposing at 90° before 
nielting. 

Compounds of Ferric Chloride and Benzyl Sulphide, 

Benzyl Sulphide Ferric Chloride, —Molecular proportions of 
benzyl sulphide and ferric chloride were dissolved in the ininiitnon 
amounts of ether, and the well-cooled solutions were mixed. The 
mixture was allowed to remain for several hours, during which 
an evolution of heat was evident, and a brownish-yellow mass 
separated. The product, after filtration and washing with dry 
ether, was obtained as lemon-yellow, minute crystals, rapidly 
becoming brown on contact with the moist atmosphere. It is 
soluble in chloroform, sparingly so in alcohol, and insoluble in 
ether or acetone. It was purified by crystallisation from hot 
anhydrous alcohol or chloroform, and melted at 94 ^: 

0-3371 gave 0*0711 Fe = 14*90. 

( 07117 ) 28 ,FeOljj requires Fe-14*87 per cent. 

Benzyl sulphide ferric chloride is distinguished from tribenzyl- 
sulphinium chloride ferrichloride, which it resembles, by only a 
slight colour change when brought into, contact with water. ' On 
remaining for some hours under water, it completely dissociates 
into benzyl sulphide and 'ferric chloride. Alkalis at once dis¬ 
sociate benzyl sulphide ferric chloride,, forming benzyl sulphide and 
ferric hydroxide. 
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Gondenmtion of Benzyl Sulphide Ferric Chloride with Benzyl 

♦ Chloride. 

Tlie readiness witk wMch. benzyl suipliide and benzyl ciilorido 
combine to form tribenzylsnlpliininm cliloride in tlie presence of 
ferric chloride is probably due to the intermediate formation of 
benzyl sulphide ferric chloride. This view is supported ])y the 
ready condensation of benzyl sulphide ferric chloride with benzyl 
chloride. 

Benzyl sulphide ferric chloride (10*3 grains: 1 mol.) dissolved 
in 50 c.c. of chloroform was added to a solution of 4 grains (1 moL) 
of benzyl chloride in chloroform. The mixture remained in a 
closed vessel overnight, and was then allowed to evaporate. 

Yellow needles were obtained, and identified as tribeiizyl. 

sulphinium chloride ferrichloride (m. p. 98*5^). 

Benzyl sulphide ferric chloride does not condense with ethylene 
dibromide, with hromoacetic acid, or with benzyl alcohol. In 
agreement with this is the singular fact that benzyl sulphide does 
not form sulphinium derivatives with, these compounds when 
brought together in ethereal solution with ferric chloride; in each 
case only benzyl sulphide ferric chloride was obtained. 


Decomposition of Benzyl Sulphide with Ferric Chloride, 

When benzyl sulphide or dibenzyl disulphide and ferric chloride 
in molecular proportions were heated together at 100'^ for two to 
three hours, tribenzylsulphinium chloride ferrichloride (m. j). 

in approximately one-half molecular equivalent was formed. 
The filtrate, after washing the product with dry ether, was found 
to- contain much ferrous iron, but no' iron sulphide, and its con¬ 
tents, proving to be of a complicated nature, were not furfclier 
identified. 

Similarly, dibenzyl disulphide, benzyl chloride, and ferric 
chloride in molecular proportions in ether do not give a liexa- 
benzyldisulphi.nium chloride derivative, but tribenzylsulphiniiim 
chloride ferrichloride, together with the decomposition products 
mentioned above. This decomposition of dibenzyl disulphide is in 
agreement with its well-known hydrolysis with alkalis into benzyl 
mercaptan and the complex decomposition products of benzyl 
sulphydroxide. 
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AeHofh of Ammonia on Trih(mzyhiiljMnium% Chloride 
Ferrichloride. 

Ammonia gas is absorbed by a solution of tribenzylsiilpbinium 
cbioride ferricliloride, and an insoluble, brown, amorplious solid is 
formed, melting at 80—85°. It was unstable towards water, and 
analyses indicated three equivalents of ammonia per molecule, but 
they were not completed. Aniline and tribenzyl sulphiiiium 
chloride ferrichloride combine in chloroform solution to form in¬ 
soluble, yellowish-green plates, which decompose before melting. 


Trih enzyUtilphinium Chloride. 

No means were found for the preparation of tribenzylsulphiniuni 
chloride in a state of purity. It was obtained from tribenz^d- 
siilphiniiun, chloride ferrichloride by removal of the ferric chloride 
with alkalis as a viscous oil, which, contrary to former statements, 
was found bxit sparingly soluble in cold water. It appeared in- 
dilferent to solutions of mineral salts, and no double decompo.si- 
tioii reactions were obtained. The rapid dissociation of tribenzyl¬ 
sulphiniuni chloride into benzyl sulphide and Benzyl chloride was 
very apparent; it takes place in contact with water and is com¬ 
plete in three to four hours, and benzyl sulphide is generally to 
bo found as a, by-product of the reactions of its derivatives. The 
oil olitained as tribenzylsulphiniuni chloride doubtless contained 
benzyl su]|>liide and other products of decomposition. 

Tnh enzylmlflimimn Gyatnde Ferrichloride, 
(CoHVO'H2)sSCN,reai3. 

Molecular proportions of benzyl sulphide and benzyl cyanide 
(phenylacetonitrile) were dissolved in dry ether and added to a 
weli-Gooled solution of ferric chloride in ether. The mixture was 
cooled and kept in a desiccator overnight, when a mass of crystals 
separated. They were collected, washed with ether, and obtained 
in lemon-yellow crystals melting at 76°, insoluble in ether, but 
soluble in alcohol or chloroform: 

0-2091 gave 0*4103 CO^ and 0*0812 H/3. 0 = 53*50; H=4*3L 

0-5301 „ 0*01596 (gram) N^. N = 3*01, 

0*3163 „ 0*0504 FeAV Fe.-M1*10. 

0*2800 „ 0*1329 BaSO^, 8 = 6*52, 

requires 0=53*5; H=4‘29; N = 2*84; Fe = n-32; 

. ,8 = 6*50 per .cent, 

Tribenzykulphinium cyanide ferrichloride ^ was also prepared in 
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good yield Ijy tlie coiideiisation of benzyl j^iilphicie iVn-ric oliloiide 
and benzyl cyanide in molecular proportions in ethereal soiutioii, 
and identified^ by the mixed inelting-poiai iestj witii the product 
described above. 

On the addition of tribenzylsuipliiuiuni cyanide ferricliloride to 
water, only a slight colour change takes place, and no coiiipoiiiid 
corresponding with the red bistribenzylsiilphiiiiiim chloride ferri- 
cliloride, [(C( 5 H 5 *Cll 2 ,) 3 SCL 2 ] 2 ih'eCl> was obtained. 

Tr-ib Gymiidc, (Cc,HyOHa).^SCN. 

To a warm solution of tribcnzylsulphiniuni cyanide fcrricliloride 
in alcohol was added an excess of ammonia solution (D 0*88). 
Til© precipitated ferric hydroxide was separated by fd,tration and 
tribenzylsiilphiiiium cyanide crystallised from the filtrate. It 
forms large, white prisms melting at 41®, and is only sparingly 
soluble in. water, but readily so in organic solvents: 

0*1355 gave 0*3932 CO^ and 0*0782 H^O. 0 = 79*89; H = 6’4L 

0*2105 „ 0*1492 BaS04, S = 9*74. " 

0*6506 „ 0*0288 (gram) N^. N=4*50. 

C 22 H 21 NS requires 0 = 79*76; FI=6*34; S = 9*67; N = 4*23 per cent. 

Tribenzylsulphiniurn cyanide gave no double decomposition with 
mineral salts in solution. It condensed readily with ferric chloride 
in anhydrous solution, forming tribenzylsulpliinium cyanide ferri- 
chloride. A double compound of tribenzylsulphinium cyanide and 
platinum chloride was precipitated from an aqueous alcoholic 
solution in minute, sparingly soluble,, red crystals melting at 162®: 

0*6890 gave 0*1378 Ft. Ft=20*0. 

Q| 4 H 42 S 3 ]S[ 4 FtCl 4 requires Ft =19*0 per cent. 

The dissociation of tribenzylsulphinium cyanide in contac.t with 
water was complete in a few hours, benzyl siilpliid© a-nd benzyl 
cyanide being formed. The reverse reaction, the direct combina¬ 
tion of benzyl sulphide and benzyl cyanide, was not found to take 
place, ill twelve hours' heating on the water“batli. Hydrolytic, 
agents invariably dissociated tribenzylsulphinium cyanide into 
benzyl sulphide and benzyl cyanide and its products, and no deriv¬ 
ative of the original material could he prepared. 

Freliminary experiments indicated that the reactions described 
also take place when mercuric chloride is used instead of ferric 
chloride, and it was proposed to examine the decomposition of 
benzyl sulphide and dibenzyl disulphide with this condensation 
agent. .. 

Aemstbono Colleok, 

Nbwoastle-oh-Tyne. 


[Beceh'cf;?., May 1917.] 
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LX,IX ,—The Effect of Additional Auxochromes on 
the Colour of Dyes. Pait II. IViphenylmethane 
and Azo-dyes. 

By Praphulla Chandra G-hosh and Edwin Roy Watson. 

In two previous papers from this laboratory (Medhi and Watson, 
T,, 1915, 107, 1681; Meek and Watson, T., 1916, 109, 544) the 
effect of multiplying the anxochrome groups has been studied 
spectroscopically in the xanthene and anthraquinone groups of 
dyes. In the present paper the investigation has been extended 
to some azO" and triplienylinethane dyes, and some phenylfiuorone 
dyes have been prepared, but have not yet been examined spectro¬ 
scopically. The results here recorded have been obtained by 
observing with an ordinary spectroscope the positions of the edges 
of the absorption bands in solutions of di.lf6rent concentrations. 
Experience gained with the anthraquinone group has shown that 
it is much preferable to investigate the absorption spectra by 
means of a spectrophotometer, and it is hoped that the present 
work may subsequently be checked by tbe use of that instrument ; 
but the results already obtained are now published, as it is un¬ 
likely that the authors will havO' further opportunity to study the 
subject together. 

Little insight has yet been obtained into the mechanism by 
which additional auxochromes affect the absorption spectra. In 
fact, the effects produced are very different in different cases, and 
little explan,ation is as yet forthcoming as. to why such varying 
effects should be produced. In some cases the multiplication of 
auxochromes produces the comparatively small effect of strengthen¬ 
ing and broadening the absorption bands without much effect on 
their povsitions., as, for example, in the azobenzene series. In other 
cases the bands are shifted to a considerable extent, but remain 
of about the same breadth. In some cases the breadth is much 
a,ffected; it may be either' increased or diminished, whilst yet 
again in other cases additional bands appear. Even in the sam,e 
series very diverse effects may be produced for no apparent reason. 
Apparently much more material is required before any explana¬ 
tion of the effects can be offered. 
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Ahi^orption Spectni E,ramined, 

A ^o-group. 

Ammoazobeiizeno . CfiBs'Na’CVJ-I^'NTl. 

Chrysoidine...... CYjdr/^dd]'OfilIr{{NH 2 ^ :4] 

4 :4'-Diaminoazobonzono NHo'CcHi'Ny’CcH^'N B..j 

Benzoiioazopbenol. C 6 H 5 *Nj’OcH 4 *OH 

Bonzeneazoresorcinol ... 0 , 5 H 5 ‘No[^ 1 

Benzeneazoquinol. CfiHs’Nd l]*0«T:l3(OH).,i2 ; 5] 

Benzenoazoeat-echol . G,Jd 5 ^N 2 [l]•OcH 3 (OH,)d:^: 4] 

Benzeneazopyrogallol ... O^jIIrpNof 1 ]*OfJ"L(OH) 3 [2 : : 4j 

(BenzoiiGazo-a-iiaplithol.. CgM;;* N.j[[4 j 
Absorption spectrum recorded 1)7 Tuck, T., .11)09, 95, 1 809.) 
p-Hydroxybonzeneazo -a- 

naplithol. OH-C JT.pN.>[ I ;i-Cj,,lI«*OH[4] 

Benzoneazo'^-naplithol.., OeHg'Nol. 1 ]*0,(,Hfl'OH[2] 
p-Hyclroxybonzoneazo*/3- 

n^hth^.. OH*CcH4-N.j;i:i-CioH«*Oni2] 


ill dilute 
liytlrochloric 
sicid soliitioxi. 

Ill dilute 
;potassium 
hydroxide 
solution. 


Tu dilute 
potassium 
Iiydfoxide 
Koluiiou. 


BenzeneazO" & - naphthyl« ] In cliluto 

amine ... 0,,H6-N,[l]*0,oIVNH.i2] I bydrochlorir 

«*Hydroxyb0nzeneazo-i3 - | «tcid 

naphthylamine . OH*CeH/N,[l]-CioH 6 *NHh[ 2 ] I solution. 


Benzeneazo-l: 6“di” \ 

hydroxynaphthalono... ^OQH5*N2[l]*CioHr,(OH).>[4 ; 8] 
p-Hydroxy benzene a zo- ” In dilute 

1: 5-dihydroxynaphth“ potassium 

alen©. OH*0«H4-]Sr.,[l]-C,oXdB(OH).i4; 8] hydroxide 

p-H y d r o X y foonzeneazo- solutioiL 

1:3-dihydroxynaphth- 

alene..... OH‘CflH4-Na[l]-C3oH5(OH).i2; 4] 


Til© results are recorded in Figs. 1— 

It will b© observed, that the eJffect of adding a second amino- 
group to aminoazobenzene is slight. When the second fiTnino- 
group is added to the sain© benzene nucleus, the front edge cjf i^'hc 
band (the edge nearer the red end of the spectrum) is sliifiinl 
slightly towards the red; when the second ainiiio-group Is added 
to the other benzene nucleus, the edge of the hand is shifted 
'Slightly towards the blue. 

The effect of adding a second hydroxyl group to henzeiiejizo- 
phenol, is similar. When the second hydroxyl group is added to 
the same benzene nucleus, the front edge of the band is shifted 
towards the red. Two additional hydroxyl groups in tho' sames 
benzene nucleus produce the same general effect, Uvainely, a shift, 
of the front edge of the band towards the red. The shift is 
greatest in the case of benzeneazocatechol, the,n come beiizeneazo- 
pyrogallol, benzeneazoquinoi,, and 'benzeueazoresorciiiol in ord<?.r, 

* Compare Tuck (T., 1907, 91, 450) for absorption spoetruin of benzeno. 
azophonol; Hewitt .and Thole (T., 1010, 9T» 513) for amlnoaaobonzcn#, and 
Hartley (T., 1887, 51, 156) for chrysoidine. 













AIJXOCimOMES OH THE COLOITR OE DYES. PAET II. 817 


a.c€ordiiig to tlie dispiacciiieiit ]>ro(iLicecl. Tlieso results arc in 
agreement witli tiio generalisation already pointed out (Meek and 
Watson, loc, cit,, 558), tliat two hydroxyl groups in the o- or 
p~posit'ion with respect to one another give a deeper colour than 


Pio. i. 


— Aminoazobenzene | Wiik 20 times the theoretical 

Ghfysoidine I quantity of hydrochloric 

. 4 : 4:'-Dianiinoazobenzene J acid. ‘ 



Fia, 2. 



Bmzeneazopheml 
Benzeneazopyrogallol 
Benzenemocatecho I 
Benzemazoguinol 
Bememazoresorciml 


j With 20 times the 
( theoretical quantity 
r of potassium hydr- 
I oxide. 


two hydroxyl groups in the '/n-position. The effect of two hydroxyl 
groups in the o-position with respect to one another is greater 
than that of three adjacent. (The blue colour of benzeneazo- 
quiuol ill potassium hydroxide is fugitive, ^ and the absorptimi 
spectrum of this blue solution could not be observed.) 

K K* 
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Hewitt (T., 1909, 95, 1295) has recorded ilie ahi'ioration speC' 
truTO of aiTiiiiobeiizei,iea.zo]'iiliewol in dilntc liydrocl'iiorii.* ?u‘id. C-oin- 
paring it witli tliat of aiiunoazo'l^eiizeiio, we hoc tlint in tliia case 
also tlie additional aiixoclironic lias sliiff.ed tlie front edge of tlie 
band towards tlie red. Ilewiti/s o])sorvaiions extend into tlie 
ultra-violet, so tliat tlie eilect of tlie adclitiona] auxocliroine can 
be more completely descrilied. A mi noazobenzene in dilnio liydro 
ciiloric acid fioliitioii lias two bands, one partly in tbe visible 
spectrum and the other completely in the ultra-violet. The addi¬ 
tional anxociironio shifts ’hotli ba.nds a lii.tle iriwards the red and 
increases their persistency. 

Vw, X 

Wavelengths. 


7000 m 62 68 64 6000 46 42 



Benzeneam^a^na^ilUhol with sodium (dhgkmde. (Tuck.) 
'p-Eydfo^fbmzenmw-a^napUfml mik 20 tinm the 
theoreiical quantity o/poUmlnm hydroxide. 


The addition of a hydroxyl group to the benzene nucleus of 
benzeneazo-a-naphthol produces only a slight increase in the per¬ 
sistency of the hand, but if the extra group is added to the 
naphthalene nucleus in the a?w-position with respect to the 
original hydroxyl group, the hand is not only strengthened, but 
is shifted a long way towards the red. Two additional hydroxyl 
.groups, one in the benzene nucleus and the other in the naphtha¬ 
lene nucleus in the ana-position with respect to the original 
hydroxyl group, have an additive effect, so that the band is shifted 
a little further than in the case of benze,iieazo-l: 6-dihydroxy- 
naphthalene and is made still a little stronger. Two additional 
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1‘ydroxyl groiipF^, one in tlie 'benzene niicknis and tlie other in the 
/'/^-position with .reypeci to the originod hydroxyl group in the 
iuiplitlia'Ieiie inicleiis^ produce scarcely any shift of the original 
absorption Ijaaid, but only a strengthening. This result is in 
agreement with our previous ex]3erience that an auxochrome added 
in the m-position with respect tO' one already present has very 
little effect on the absorption. 

Very different is the effect of the addition of a hydroxyl group 
to the benzene nucleus of benzeneazo-jS-naphtholj which not only 


Fxa. 4. 

. Wave-lengths. 



Bmzenemo-a-naphthol with sodium alkyloxide* (Tuck.) 


Mmzmmzo-l: B-dihydroxynaphthalem 
p -Mydroxyhenzmeazo-l : ti-dikydfoxynaphihalem 
p-IIydroxyhmzmeazo- 1; ^-dihydroxymphfkahne 


” With 20 thms 
the theoreHcal 
quantity ^ of 
potass i u ni 
hydroxide. 


shifts the existing band further towards the red, but calls into 
existence an entirely new band still further towards the red. In 
the case of benzeneazo-jS-naphthylamine, a similar addition also 
seems to call into existence a new band, but apparently the already 
existing band is shifted backwards, that is, towards the ultra-¬ 
violet.' This may be 'because the additional auxochrome, that is, 
the hydroxyl group, cannot exert its full effect in the acid solu¬ 
tion. (It is, however, ^ to^ be regretted that the absorption spec¬ 
trum of benzeneazo-^-naphthylamine was not more completely 
'Observed.) 






820 OHOSI-r AND WAT8DK : TH'K EFFTOfiT OF AB'DITtOWAT. 


7V/ ffht ti ijf iHi'lhatie (h'aii jK 


Aliiliiehito-grooii ... ( \;H j. AXO 6 H 4 * MM<v):C),;ir.i:TSf 

i-TIydroxyiiiala- in, dihiio 

cliito-greon . Mo.j):C,;H.irNMcj^Cl hydro- 

3 :4 ‘Dili’y dr o x y - ■ ciiloric 

niakichito-groan (OH)..C,jHyC( 06 H 4 -NMo.,): 06 H;i:NBfo.,Ci a,aid 

2:3:4-Tr'i hydroxy- " ti on 

ma,1 achi to - green (OH) 3 C,Hy CXCeH^NMo..): CeH,^:NM(\ASi 

Amin .. C(C,.lV0H).>:0(jH,j:O 

Resaurin. C((lJ(V.H,(OH),[2 : 4]).,:[l]a6H3(OI:r)[2]:0[4] in dilute 

Trihydroxy aiir in potaasittm 

(a) O([l]0cH3(OH),[a : 41),:[l]CeH,(0H)[2:]:0[4] ' liydroxido 

Trihy dr o x ya ii r i 11 solution. 

W. C([1]C,H3{OH)o 1 2 : 5]).,;[l]CeH3(OH)[2]:()[4] J 


Tlie results obtained by introducing hydroxyl groups into the 
phenyl group of malachite-green are very iiiterestiiig. The band 

Fig. 5. 


Wave-lengths. 



fWM 20 Unics the 

-- Benzeneazo-0-mphthol ) theoretical quantity 

-- ™ p.Eydmxyhmzcneazo-^-naphthor\ of potdssimn 

t hydroxide. 

of least frequency is shifted backwards, that is, towards the ultra¬ 
violet, whilst the next band is moved forwards from the ultra¬ 
violet into the visible part of the spectrum. Two hydroxyl groups 
in the o-position with respect to one another shift this second band 
further forwards than one hydroxyl group alone is able to do, 
whilst three adjacent hydroxyl groups produce an intermediate 
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(cDiiipare the ell'eci of adclitionaJ hydroxyl groiip^^ added to 
herizerieazopheiioi). These results fall into linethe effect 
produced by the addition of an amino-gronp to the iiiisiihstitiited 
benzene i}ti(‘ley,s in Doelxner’s violet, when wo pass to pararosaiiiliiie, 
or the similar addition of a dimethylanuno-gronp to inalacliite- 
greeti, wlnm we pass to h,exainethylpara.rosaniline. In all these 
(‘ases, the addition of atixochronies to the iinsiibstitiited third 
l)enzene nuclens shifts the first band (the band of least frequency) 
backwards, so tha,t the dye becomes lighter instead of deeper in 
colour. We see the same effect if we compare benzaurin (Meyer 


Fig. 6. 


Waoe-Umjlli,^. 
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\t>ffy(lroxi/benzeneazo-^-'}iapfithp^^^^^ | of hydrochloric 

\ achh 


and Eis(!licr, JJer., 1913, 46 , 74) and axiriii, so that, it appears to 
1)6 quite a general rule in the tripheuyljnothane group. It seems 
possible to explain this effect by means of the theory put forward 
by one of us (WatBOii and Meek, T., 1915, 107, 1567) as to the 
nature of the vibrations causing the colour of dyes. In Boebner’s 
violet, malachite-green, and benzaurin the vibration passes back¬ 
wards and forwards through twO' of the benzene nuclei. In 
pararosanilino', iiexarnetbylpararosauiline, and auriii the vibratory 
pulse, after passing through one benzene nucleus, finds two' paths 
open to it, as each of the' remaining nuclei now capable of 
vibration. We may find a mechanical analogy by comparing' the 
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transverse vil)ratioii of a string with th<‘it ot a system (jt iiiree 
strings,j each of half its length, tied together af. one point aiul all 
under the same tension, so that they niake eipnil aaigles with one 
another. Such a system will vibrate quicker than idle si!n|)le 
string. Ill the same wayg when all three imclei of the triplieiiyl- 
niethane molecule are ca|>able of vibraAing, the jicriod is less than 
when the vibration is confined to two of the nuclei. In the latter 
case, the uiisiibstitiited benzene nucleus may be compared to a 
dead weight at the centre of the simple siring, which •would, make 


Fig. 7. 

I Vave^-l(in[jlhti. 



the ' vibration slower. By oomparing' Michler’s hydrol and 
malachite-green, wo see, 'this effect. 

ISfothing can bo said as to the cause of the second band i,ii 
malachite-green and ' the hydroxymalachite-greens. It may be 
suggested that the first band of magenta, which is obviously com¬ 
pound, is produced by the fusion of the first and second bands of 
Boebner’s violet, the second band having been brought further 
forward by the additional amino-group, which ca,u exert its maxi¬ 
mum effect in ' dilute' acid,, solution, ■ than by the hydroxyl groups 
in the hydroxymalachite-greens, which could not exert their full 
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elfecfc ill acid solution. Tlio same suggestion may b© made as to 
tlie nature of tlie first band of auriuj wliicli is also' obviously 
compound. 

With regard to the aiirin derivatives examinedj the series 
is not so comjdete as was desired. Pyrogallaiiriii could not 
be obtained, by Caros method (Ber., 1892, 25, 2678), and 
the alkaline solution of catecholaurin fades too rapidly to permit 
of 'the convenient examination of its absorption spectrum. 
Quinolaurin could not be prepared either by the condensation of 
formic acid and quinol or hy Carols method (Ber,j 1892, 25, 
1941) by the condensation of 3 :6; S'": 6^-tetraiiydroxydipheiiyl- 
methane and quinol. In trihydroxyaurins (a) and (/;) the band 
is shifted towards the red and becomes much narrower. As might 
have been expected, where there are hydroxyl groups in the 
o-position with respect to one another, the shift is greater than 
where they are para with respect to one another. In resaurin 
the band is shifted backwards. It may perhaps I)© suggested that 
ill this compound iinorone condensation has occurred. 

Tke Colour of Some Fluorone Dyes, 

The following new compounds of this series have been prepared 
and their colours noted: 

3 - Dimelhi/hini iiio-d-pCirydroiryphen’yl-MiniMhyl^^^^ — dyes 

dull red shades. 

3C)iuieihylaniiiio-d-o-iydiIipd/roayy2di'enyl-^^ —dyes 

red shades on chrome, 

2 :3 : ldrrihpd4U}Zip%Q‘phdDiiplro;m^ ~ reddish- 

violet in potassium hydroxide solution; dyes i^ecldish-violet shades 
on chrome, 

1 :3: %~‘Trihydroxy-%--o-^-<Mhydroxyphenyh^~fluorofhe —orange in 
potassium hydroxide solution; dyes orange shades on chrome. 
Discussion of the colour is reserved until the absorption spectra 
have been examined. 


Experimental. 

p*Mydfoxyhemenemo-l : ^-dihydroxynaphthalene^ 

' OH*OoHp%C,oH5(OH),. 

An alcoholic solution of 1:5-dihydroxynaphthalene was mixed 
with a concentrated aqueous solution of f>hydroxybenzene- 
diazoniuin chloride, and then excess of sodium acetate was added. 
The precipitate was collected and washed thoroughly with water. 
The substance could not be crystallised, but was extracted with a„ 
mixture of benzene and alcohol. On concentrating the extract, 
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tL.© pure dyestuff was deposited. It melts at 213—215^’^, and dyes 
reddisii“Vioiet shades on alum- or clii"^ome-uiordanted wool,. Full 
dyeings are obtained with 2 --3 per cent, of the dyestuff. Tlie 
yield is almost theoretical: 

0*1038 gave 8*8 c.c. No- at 25^ a,ud 763 mm. N = 9*7. 

requires N = 10’0 per cent, 

^^Hydro ;r y h enzen eazoA .: 3-^7?7? ydroxy a a ph t ha I an e , 

OH*CcH.pN2<)io^ 1,(011)2. 

j>-Ainiiiopheiiol hydrochloride was diazotised i,n the ordinary 
way and combined with an alkaline solution of 1: 3uiibydroxy- 
naplithalene. The mixture wa.s acidified after keeping overnight, 
and the precipitate was collected, washed with water, and dried. 
It could not be crystallised. It was purified by dissolving in 
alkali, precipitating with acid, and again dissolving in alcohol 
and precipitating with water. It does not melt below 300®: 

0*1107 gave 10*2 c.c. at 29*2® and 763*5 mm. N'=10'4. 

Ci( 5 H| 203 N 2 requires N=10'0 per cent. 

■p-^Hf/droscybeiizenenzo-^-^nctqyJhthijlamm^^ OH• CgTIpNg**NHg. 

An alcoholic solution of jS-naphthylamine was added to a con¬ 
centrated aqueous solution of jf^hydroxybenzenediazoniunl chloride. 
The precipitate was crystallised from alcohol, and melted ai/ 

156-157°: 

0-0825 gave 11-4 c.c. Nj at 27° and 762 nmi. N==16-8. 

CiijrijjONg requires N = 15-97 jier cent. 

The hydroehloride was deposited in, crystalline form on adding 
hydrochloric acid to a hot alcoholic solution of tlio base and allow¬ 
ing the solution to cool. It melts at 170°. 


o-Aminobmseneazo-a-naphthol, NHa-CaH4-N2-CioTJ„-OH. 

o-Nitrobenzeneazo-a-naphthol was obtained in a finely divided 
state by dissolving in cold concentrated sulphuric acid and pre¬ 
cipitating with water. The precipitate was thoroughly washed 
free from acid, and was then warmed with a large volume (100 c.c. 
for 1 gram of the substance) of freshly prepared aqueous 
ammonium sulphide on the water-bath. After a few minutes, the 
whole of the azo-compound passed into solution. On remaining 
overnight, the solution deposited a fine, brown, shining precipitate, 
which was collected, well washed with water, and dried on a 
porous tile. The suhstance is very readily soluble in all ordinary 
solvents, and could not be crystallised. It was purified by extract- 
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iiig with aicoliol and precipitating with water. It melts at 

01)915 gave 13*2 c.c. N 2 at 32^ and 761 lom. N-46*18. 

requires N = 15*97 per cent. 

3 : 6 : 3^: B^-Tetralrydroxyilip^^^^ GH2[Col-l3(OH)2]2. 

According to Sdiorigiii {J. Eifs.^, Ehf/s. (Jheni, Aoc., 1907, 39, 
1094), this siihstaiice is brown, It \vas, however, ol^tained as a 


Fig. S. 
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white, amorphous substance under the following conditions. Two 
and a-half grams ol quinol were dissolved on gently warming with 
25 c.c. of hydrochloric acid (1:10); 1 gram of 40 per cent, form¬ 
aldehyde solution was then added, and the mixture heated on the 
water-bath. The white precipitate of 3:6:3^: 6^4etrahydroxy- 
diphenylinethane began to appear in a minute, and the heat¬ 
ing was continued for ten minutes. The compound could not' be 
crystallised. It decomposes above 275®. ' (FoundC—66*68; 
H»^5‘44. C|^H|gO| requires 0«=f67‘2; H=s:5*17 per'oent.)' 
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Trihyclraxyaurin Q>), 

C([l](;„H,((31i),[2 :r,J>;[i]CVJIo(0[t)[2^ I. 

wa.s prepared from 3:6:3^:G^^etraliydroxydipluMiyhjietliane aiicl 
resorcinol by Caro'^s method (^Ber,, 1892 j 25, 941), l.t could not. 
be crystallised. It was purified ])y dissolving in a,lka,li, precipitcir 
ting with acid, and again dissolving in alcohol and |)recdpita,ting 
with water. Tlie operation wm.s repeated twic?e i:o oliiaiii i-he sub¬ 
stance ill a pure state. The- yield very low: 

0-1020 gave 0‘2633 00^ and 0-0413 R>0. d70*41; II.v:4-50. 

C 3 J 1 H 14 O 5 req^tiires C--70*8^; IT--4'34 per cent. 

Trihydro xyadirm (u), 

C([i]CcH3(on),[3: 4i),:[i]c,,ir„{OTi)[2]:o[4], 

was prepared and purified in the same way aw the almvcwmentioned 
trihydro'xyaurin ( 6 ): 

01100 gave 0-2836 CO^ and 0*0436 H 2 O. C-70*3; 

C 4 ()H |405 requires 0 = 70*8; H = 4*34 per cent, 

i-IIydroX'yA ^: iddetramefJbyldiamiNotriphenyharh^ A nhydride, 
or A-Hydroxymalachite-greeti, 010 (jH 4 tC(CQH 4 ‘lSrMe 2 )g, 

This dyestnjff had already been obtained in a qualitative way by 
O, Fischer {Ber,, 1881, 14, 2523), but not analysed. It was pre¬ 
pared by oxidising the leuco-compound in acetic acid solution with 
freshly precipitated manganese dioxide. The paste of .manganese 
dioxide obtained from 0*62 gram of potassium permanganate was 
added to a solution of 1 gram of the leuco-compound in 35 c.c, of 
30 per cent, acetic acid. The colour became dark green, and the 
mixture was warmed on the water-bath for an hour and filtered. 
The filtrate was treated with sodium acetate Boluiion, whereliy a 
violet precipitate of the dyestuff was obtained, which was c.rystal'- 
lised from a mixture of benzene and toluene. The yield was good. 
It dyes mordanted wool in the following shades: blue on alum, 
bluish-violet on chrome, bluish-black on iron. Tanniivmordanted 
cotton is dyed to a dark violet shade: 

0*1240 gave 8'8 c.c. ISF 2 763 min. N»t=7*98. 

C 23 H 24 ON 2 requires ]Sf= 8 * 13 per cent. 


2 : i-Dihydroxy-i^: 4:^^detmmeMyMmminMripheny^^^ 

Anhydride, or ^'A-Dikydrocoymalachite-gree/n, 
0:CGHg(OH):C(CoH4*NMe2)2. 

This dyestuff had already been obtained in a qualitative way 
by Yoto(<ek and Krauz {Ber., 1909, 42, 1605), but not an.alysed,. 
It was prepared by oxidising a 30 per cent, acetic acid' .solutiO'n 
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of i;he leiico-conipoiiiid witli freslily precipitated manganese dioxide, 
{iiiVl obfiaiiied as a line blue solid whicli could not be crystallised, 
i't dyes clirome-n lord anted wool to a very ])rilliaiit blue sliade: 
0*1000 gave 7*1 c.c. No at 33^ and 762 mm. N = 7*93. 
C.2;JL>40.2N« requires N™ 7*77 per cent. 


3 : / /Y/ in ct-hylduiniino-^-jy-hydroiti/p enyhmn thene, 

One gram of //-hydroxybenzaldeliyde and 2 grams of ni-dimetliyl- 
a,iiiinoplienoI were dissolved in 50 per cent, aqiteous alcobol, and 
4 grams of concentrated sulpburic acid were tben slowly added. 
The mixture was boiled under a reflux condenser for ten hours, 
and then the alcohol was expelled by boiling with water. The 
ieiico-base was fractionally precipitated by sodium acetate, and 
the pure substance was obtained by crystallising tlie second frac¬ 
tion from dilute acetone. It melts at 220—221^: 

0*0995 gave 6*8 c.c. N^ at 32*5^ and 762 mm. N = 7‘68. 

C 2 JJH 24 O 2 N 2 requires N = 7’77 per cent. 

The benzoyl derivative was prepared by the Schotten-Baumanii 
reaction. It could not be crystallised because of its ready solu¬ 
bility ill all common solvents. It melts and decomposes at 
100—105^: 

0*1500 gave 7*9 c.c. No at 32« and 760 mm. N = 5*89. 

C 30 H 29 OJJN 2 requires N,— 6*02 per cent. 

3-IJimethyla?nino-9-pdiydro/eyphenpl-Mime was pre¬ 

pared by oxidising the' leuco-compound in acetic acid solution with 
freshly precipitated manganese dioxide. The dyestuff was pre¬ 
cipitated from the acetic acid solution by aqueous sodium acetate 
solution, as it could not be crystallised., It dyes dull red shades: 

0*1000 gave 7*0 c.c. No at 33^ and 762 mm. N — 7*83. 

CydooOoNo requires N —7*77 per cent. 


ZdJimetJhylammo-^o-iyd/hhyd/roaiyid^^^ 

Two grams of 2 :4-dihyclroxybenzaldehyde and 4 grams of 
w-dimethylaminophenol were dissolved in 50^ per cent, aqueous 
alcohol, and 8 grams of sulphuric acid, (B 1*84) were then gradu¬ 
ally added. The mixture was heated under a reflux condenser for 
twenty-four hours and filtered. The filtrate w'as boiled with water 
to expel alcohol, and then sodium acetate was added, to precipitate 
the dyestuff. It was partly purified by dissolving in sulphuric 
acid and precipitating with sodium acetate, and, finally obtained, 
in a pure state by debenzoylating the crystalline benzoyl deriv¬ 
ative by boiling its alcoholic solution ' with sulphuric acid. The^ 
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dyestuff could not be crystallised. It <lyes clir{)iiuu'itiorda«t(C 5 (l wool 
to a red sliade "wl'iicli is not- brilliant: 

01055 gave 7*0 c.c. No at 33^ and 700 nun. N8*03. 

C 2 ;jH 220 ;iNi> requires |)er cenfv. 

Tlie leiico-coHipound can, be obtained by reducing ibc dyesi.viJT 
witli zinc dust and acetic acidj is o^xidiaed again to i’h(3 tlye- 
stxif! on coming into contact with air. The vuniohcnzoifl deriv¬ 
ative of the dyeatuff was prepared l)y tlie Schoti:ei!“Ba,u.!na!iii rcnn*- 
tioii in the ordinary way. It. is soluble in all the ccnninon solventH. 
By the apontaiieoua evaporation, of a cold (dilorofonn solution it 
crystallises in prismatic needles melting at 125^: 

01665 gave 8*0 c.c. at 33^ and 7^*2 mm. N-5*42. 

C 3 ()Il 2704 N 2 requires N' — S *8 per cent. 

2:3: 7-Trih^droxy^d-o-^-dihi/droxpphenj/l-^’fi/m^^ 

One gram of 2; 4-dihydroxybenzaldehyde and 2 grams of 
hydroxyquinol were dissolved in 10 c.c. of 50 per cent, alcohol; 
1*5 c.c. of sulphuric acid (B 1*84) were then added, and the mix.~ 
ture was heated on the water-bath for fifteen minutes, when the 
fluorone sulphate was precipitated. It was collected and. washed 
with 50 per cent, alcohol: 

0*5475 gave 0*1800 BaSC.^. H 2 S 04 = 12*5. 

(Ci 9 Hi 407 ) 2 B[oS 04 requires 112,804 = 12*15 per cent. 

The dyestuff was obtained by boiling the sulphate with water 
for one and a-half hours. It could not he crystallised. It dis^ 
solves in potassium, hydroxide solution with, a reddish-violet 
colour, and dyes chrome-mordanted wool in tine, ix^ddisli-violei. 
shades. Acetylation resulted in the production of a mixture of 
derivatives which could not be se|,)arated by fraclional crystal¬ 
lisation : 

^ 0*1200 gave 0*2806 COg and 0*0405 H^O. 63*75 ; llr.<4*75. 
requires 0=64*4; H = 3*95 per cent. 

1:3: d^~Trihydroxy'-%-o-f--dihydroxyphenyl-^-flmrone. 

One gram of 2:4-dihydroxybenzaldehyde and 2 grams of phloia> 
glucinol were dissolved in 10 c.c. of 60 per cent, alcohol, and 
1*5 c.c. of sulphuric acid (B 1*84) were then added. After shaking 
fo*r two minutes, orange-coloured needles of the fluorone sulphate 
began to forai. They were collected and washed with 50 per cent, 
alcohol: 

0-5000 gave 0-1616 BaSO^. H2SO.(-12-4. 

'(*^ 19 ^ 1407)2112804 requires 11.2804 = 12'15 per eeiit. 

The dyestuff was obtained by boiling the sulphate for one ami 
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:i liaif lioiirs witli water. It, could not be crystallised. It dis¬ 
solves with ail orange colour in potassium hydroxide solution and 
dyes cliroiiie-inordanied wool in orange shades: 

0*1000 gave 0*2350 OOo, and 0-0330 ILO. 0=64-09; 11 = 3*66. 
requires C = 64'4; H = 3-95 per cent. 


The experimental work described in this paper has been done 
entirely by P. C. Ghosh. 

DirocA College Labobatory, 

Dacca, Bengal, India. 


[Beceived, July 1917.] 


LXX .—Absorption Sj^ectra of Substances con¬ 
taining Conjugated and Uncowjugated Systems 
of Triple Bonds» 

By Alexander Killen Macbeth and Alfred Walter Stewart. 

It has long been known that saturated substances possess an 
absorptive power much lower than that shown by the correspond¬ 
ing ethylenic derivatives; and further investigations have proved 
that of two isomeric diethylene derivatives, that which contains a 
conjugated system of double linkings has a greater absorptive 
power than the isomeride in which the ethylenic bonds are isolated 
from each other (Crymble, Stewart, Wright, and Glendinning, T., 
1911, 99, 451; Crymhle, Stewart, Wright, and Miss Eea, ibid,, 
1262). The present investigation was undertaken with the idea 
of testing whether or not a similar rule could be established in the 
case of acetylenic derivatives, but the results show that no such 
genc3ralisation can be looked for in this series. The data, however, 
are of some interest from other points of view. 

It was decided to examine acetylenic compounds belonging to 
both aliphatic and aromatic series. Some of the latter class had 
already been investigated by Stobbe {Ber.^ 1911, 44, 1289), but 
310 general rule could be deduced from his results,' as the phenyl 
nucleus might'be expected to interfere with the influence of the 
acetylenic linking to some extent. 

It will probably render the data clearer if the discussion of each 
group of compounds be taken separately, final conclusions being 
reserved until the whole facts have 'been' reviewed. 

Series L ^ BehenoUc Acid and Erucic Acid (Kg. 1, A).—Here 
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tlie’Gtliyleiiic derivative is inuclx more absorbent tluin tlie acetyieuii* 
analogue. In tills case, tlie effect oi* the double and triple link¬ 
ings may be taken as being iinafTocted by the presence of tlie 
carboxyl, radicle, from which they are separated liy eleven 
methylene groups. 

Series II. Stearalic Acid, Blaidic Acid, and Sf^earic Arid 
(Fig. 1, B). —Ill this case, the acetylenic derivative is the most 
strongly absorbent, the ethylenic next, and the saturated sub' 
stance least of all. The only factor that might account for this 
marked absorptive power of the acetylenic substance is to be found 
ill the fact that the carbonyl radicle of the carboxyl group is 
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situated at the ninth carbon atom from both the triple and double 
linkings, which would imply, under the usual assumptions as to 
the arrangements of carbon chains in space, that the unsaturated 
centres were spatially conjugated with two turns of the spiral 
between them. It is sufficient to indicate this and leave the 
matter without further elaboration. 

Series IIL Acetylenedicarhoxylic Acid, Funiarie Acid, Mahie 
Acid, and Succmie Add (Fig. 1, G ).—As can be seen from, the 
graph, the two* ethylenic isomerides are more absorptive than the 

acetylenic compound—fumaric acid being markedly so-.‘-and 

succinic acid is least absorptive of all 
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Scries IV, DiSodoacetylenCj Di-iodoethylene, and- Ethylene 
Iodide (Fig\ 2).— Tlii® case preseiii.s a fresli problem. The 
saturated coinpoiitid, ethylene iodide, possesses a distinct absorp¬ 
tion band having its head at a frequency of 3900^ and this band 
is directly attributable tO' the presence of the two iodine atoms 

Fig. 2 . 


Oscillai Ion frequen ci e,% 



iix the molecule. Now the introduction of fresh unsaturated 
centres in the molecule might have either of two, effects, since there 
may be an enhancement of the band due to stimulation of the 
process which produces it,, nr,'conversely, a cancellation' of affinity^ 
leading to a decrease in absorptive power. An inspection' o,f the 
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curves sliows tluit tlie second process is in opera,lioi) to aoine exiout, 
for the acetylenic coinpountl is inucii less absorpt'ive tlian tJie 
saturated sii'bstanee. The absorption of dyoiloa,ci‘dylo!ie is iiniited 
to a frequency of 421)0 at a logarithmi<^ ihickMcss of 36, vvliereas 
tlie correspoiidiiig etliyleiiic compound eontinnes l.o absorb to 
same extent in a logariilimic tkicknesB of 32. Fiirilier, the 
absorptive power of the acetylenic cornpoirnd is, ex.ccq>i/ for a por¬ 
tion in the visible region of the curve, actnadly less i,ha,n tluit of 
the aliphatic analogue, froin which it must be deduced that t,lie 
introduction of the triple bond into the molecule lui» comsiderably 
influenced the absorptive j) 0 'Wer of the iodine ?itonis. On the 
other hand, by the same reasoning, the etliylenic linking has an 
effect opposite to that of the triple bond, whether thm b© attribii- 
table to a stimulation of the iodine vibration by the afPinity of 
the residual affinity of the carbon atoms or merely to' the increase 
in absorptive power usually noted when passing from the paraffin 
to the olefin© derivatives. 

Series F. Dhnethyldiacetylene, Hexatrienci^' Bemene f (Fig, 3), 
—This case is on© of the most interesting of all those which have 
yet been examined. A comparison of the structural formuke of 
the three compounds must first be made: 


Dimetbyldiacetylene 

O^jHg Hexatrione 
OgHg Beny.cme 


GHg—cSO—C=0*—OH 3 

CH=CH —0 e 
OH=(5H~bH=r:GH—1) H 




It will be notic;e<l that dimetliybliacetyleiiB a/nd, benyeiie are 
isomeric, whilst hexatriene contains a.u extra |;)air of hydrogen 
atoms, and from this it might be expected that the first two sub¬ 
stances would show greater absorptive power than hexatriene. ' An 
examination of the curves in Fig.' 3 shows that this deduction is 
unwarranted ; contrary to the visual rule, the more saturated sub¬ 
stance is the most strongly absorbent, except just at the very top 
of the curve. 

In order to ■ explain this apparent anomaly, it is necessary to bear 
in mind what has already been said with respect to the influence 
of conjugation. Take, first, the case of benzene and. hexatriene. 
In the benzene nucleus there are three double linkings, but these 

* This curve is taken from Baly and Tuck, T,, 1908, 93^ 1909. 

t This.curve is take.i from Baly and Collie, 1905,875 1332, the handed 
.region, being indicated by shading. 
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Uiree linkings satura.i.e eacli other and form a completely linked 
sysi.eru with no free partial valencies. In the case of hexatrieiie, 
on tlio other hand, although in ita molecule there are also three 
conjugated double linkings, these double linking's do not coin- 
pletely saturate each other, for there is a considerable amount of 

Fig. 3. 

OsGillation freqnen cies, 
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10 nun. N/lOO 


10 mm, N/1000 


--- -.- J)h}ielhyldlacM})lenG, 

. • Hexairicne, 

.. Benzene with handed region ahoivn by ahading, 

residual affiniiiy left nntotu;hed at eacli end of the chain. From 
this it may be deduced that the presence of free affinity (or partial 
valencies) tends to increase absorptive power, which'is borne, out 
by the well-known fact that' the introduction of any inisaturateci 
centre into a molecule enhances the power of absorption; 
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MACBETH AISTB' STlilWARI.^ : 


A fiirtlier ^iep in advance Ih fotnid wlien, tiu; case of dinieiliyl- 
(liacetyleiie is considered in conjunction with tiic fo'rog’oitig. 
Diniefcliylcliacetylene contains two conjugated doiil)le Iriikiags, aaid 
it is reasonable to assume tliai to some extent tlieS'C will bebave 
like two conjugated double bonds, saturating eacli otber to a. 
certain degree, but leaving a considerable amount of residual 
affinity at eitlier end of tlie chain. In the case of the acetylene 
derivative, however, there is not the same long chain of coiijuga- 
tion which is present in the case of the hcxatriene molecule. The 
whole residual affinity of the acetylenic compound is concentrated 
in two centres in close proximity to one another. Thus in 
hexatriene we find two active centres far removed from eacli other ; 
diniethyldiacetyleiie contains two centres of residual affinity 
sufficiently near one another to interfere with each other, and 
hence reduce the amount of free affinity present, whilst, benzetie 
contains no independent centres of partial valency under normal 
conditions. Further, the absorptive powers of the three com-" 
pounds stand in this order also. 

It may reasonably be suggested that absorptive power is greatest 
when a molecule contains more than one centre of residual affinity 
and when such centres are so situated as to be incapable of mutual 
interference. Under such an assumption, it would be expected 
that of two stereoisoinerides, for example, the fumaroid form would 
exhibit most absorptive power, a conclusion which is borne out l)y 
facts. For instance, an examination of Fig. 1, (J, shows tihat. 
maleic acid is much less absorptive than ftimaric acid. An ex¬ 
amination of their spatial formulae indicates that in the case of 
fumaric acid the two accumulations of residual affinity fit the embs 
of the chain are sufficiently far removed from one another i:o |)re'- 
elude mutual interference, whereas in the case of niahric a.cid tliey 
are near together. 


OH 


,. 0 = 0 — 0—11 


11 — 0 — 0 = 0 .. 


OH 

Fumaric acid. 


OH 

H—0^0=0.. 

11 

H—0—0=0 
OH 

Maloic acid. 


Further support of this view will he found in the facts described 
iu Series IX. 

Series VI. Phenylacetylene, Styrene (rhcui/lethylcne), and 
Ethylhemene (Fig. 4).—^In this case the ethylenic derivative 
exhibits the greatest power of absorption; the acetylenic com pound 
stands next in order, and the ethane derivative has least absorptive 
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power. These data hold good whether the absorptive power be 
Judged by the wave-length absorbed by a given thickness of solu¬ 
tion or by the dilution to which absorption, persists. As regards 
the iiiaiiner of absorption, in the case of ethylbenzene the region 
of banded absorption in benzene itself is occupied by a broader 


-Fig. 4. 
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single band, a.nd it appears that the introduction of the ethyl 
radicle into tie benzene nucleus h.as no marked effect on the 
character o'f the absorptive power. There is no increase in the 
persistence of the band. With styrene (phenyiethylene) and 
phenylacetylene, on the other hand, there is an increase in general 
absorptive power as com,pared with benzene itself, which increase 
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iMACBJfiTH AKD STBWABT : 


€aii be attributed only to the effect of introducing the new un- 
satiirated centre into the molecule. 

Series VII, Tokrnej StklbeNe, and s-jyif henylethane (Fig. 5).— 
The introduction of a second phenyl nucleus into the iiiolecules 
mentioned in the last section leads to somewhat peculiar results. 


Fio. 5. 

i)f<oilkdion JrequenciM, 



In the case ,of ij-diphexiylethane, the grax>h shows that banded 
absorption still persists, but that it is completely modified in 
character. In the first place, the absorptive power is increased, an 
the band appears at a greater dilution in tlie rS‘<Iiphonyletliane 
apeetrim than was found to be the case im phenylethyleiie. 
^Further, instead of a single narrow band, .^diphenylethane shows 
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a band exteiidiiig roughly from 3100 io 4100, altliough it ;s mucli 
slialloAver than the band of ethylbenzene and shows a bpiidency to 
split up into twO' smaller bands. One of these narrow bands 
extends from 3600 tO' 4100, and thus corresponds roughly with the 
characteristic band of ethylbenzene; the other band has its head 
at 3400 , and does not occur at all in the spectrum of ethylbenzene. 
Its appearance must therefore be attributed to the introduction of 
the second phenyl radicle into the molecule. 

Turning to the ethylene derivative, stilbene, it will be observed 
that it possesses an absorptive power markedly greater than that 
exhibited by the ethane analogue. Further, there is no sign ■what¬ 
ever of the baud characteristic of ethylbenzene; in fact, at this 
point of the spectrum there is especially good transmission. On 
tile other hand, the band at 3400 traceable in the spectrum of 
,s'"diphenylethane is here broadened and deepened to a very remark¬ 
able extent. It seems probable that the two bands arise from a 
common cause, but that in the case of stilbeiie the absorptive 
power is reinforced by the presence of the long chain of conju¬ 
gated linkings, seven in number, which exists in the molecule of 
the ethylenic compound. 

In their banded absorption, the ethylenic and acetylenic 
analogues are approximately similar, but it will be seen from the 
graph that the band in stilbene extends over a much greater I'ange 
of dilution than that exhibited by tolane. This fact reinforces 
the idea that the band of stilbene is in some way influenced by 
the conjugated chain, for in the case of tolane the conjugation is 
imperfect as compared with that of stilbene. In stilbene, the con¬ 
jugated chain is made up completely of double and single bonds, 
whereas in tolane it contains single bonds alternating with double 
and triple linkings. Thus, instead of having the whole of the 
free affinity of the molecule concentrated at two points far removed 
from each other, as in stilbene, the tolane molecule has two main 
c.oucentrations plus some excesses of affniity at the ends of the 
tri|>le bonds. 




(inirCH—CH 



Tolane* 








838 


MACBETH AND STEWART: 


III tills way^ the contentions put forward in coniiexioii with Series 
V. receive,further support. 

Senes VIIL JVhen^/l^pf^opMic Acid, Om'namk vi eid^ mid 
P-Fiicnylpropimdc Acid (Fig. 6).—Ixi this series, the saturated 
meiaber of the group shows very imich less absorptive power than 
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^-Fhenylpropionic acid. 


either of the other two. Traces of a modified benzenoid vibration 
are to be found in the one broad and two naiTow bancis which 
extend from 3700 to 4200 ^ the dilution at which these bands occur 
is approximately the same as that at which the benzene bands 
make their appearance. 
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Cinnamic acid and plienylpropiolic add show a somewhat 
similar power of absorption through a certain range of the graph, 
although cinnamic acid absorbs slightly longer wave-lengths, whilst 
phenylpropiolic acid shows an absorptive-power at a dilution much 
higher than tliat at which cinnamic acid ceases to absorb markedly. 
Further, cinnamic acid vshows a well-defined band of considerable 

Fxa. 7. 


OscillaUo7i fi'equencies. 



Mlhyl phcnylpropiolate. 
(HnnatnyUdemacctic acid. 


persistence in the region 3300—4200, whereas plienylpropiolic acid 
exhibits a step-out” at a higher dilution. Testing the absorp¬ 
tive power by the length of the light-waves absorbed, the order is : 
ethylenic, acetylenic, and saturated, but as regards the power of 
absorbing at greatest dilution, they stand in the order of satura¬ 
tion, the acetylenic derivative having most absorptive, capacity. 
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iSerie.^ 2X, Ethyl rhenylproiholaie and OlimaniylidnntnineHc 
Acid (Fig, 7),—This c:ase furnishes raioilier (‘xaiuple of the [ilieiio-* 
nieiion which was discAissed in Series V. The i^wo (joinpounds, ester 
and acid, are isomerides, sO' that, as far as additive faiders go, they 
should exhibit the same absorptive power. An examination of 
their stnietural formulas shows that in the one case there is a long 
chain of conjugated double bonds in the molecule, so that tlie 
residual affinity is concentrated at two distant points, whereas in 
the other case the affinity centres are nearer together and arc-j 
more likely to disturb one another: 

CH—CIMM-- OH 

OH—OHirC^U H^ObT— OHr:OII~C—o. 

Cinnamylidoneaeetic acid. 

(3H—CH—OH O-OiiHj 

Jh—C H=;(tc=^C=0 

Ethyl plienylpropiolato, 

From what has already been said on this matter, it may be 
deduced that cinnamylideneacetic acid will show the greatest 
absorption, whilst the absorptive power of ethyl pheiiylpropiolate 
will be considerably less. An examination of the graphs shows 
that this prophecy is justified. The absorptive power of the ester 
is less than that of its isomeride, both from the point of view of 
the wave-length absorbed by a fixed concentration and also from 
the point of view of the dilution at which the siilistance <Joniinues 
to show absorption. 

Thus, although the examination of acetylenic derivatives has 
not brought tO' light any close parallel between them and the 
ethylenic analogues so far as light-absorbing power is concerned, 
it has elicited new facts with regard to the influence exerted by 
the distribution of residual affinity in the molecule on the absorp¬ 
tive power of the substance. At the present time our knowledge 
of the subject in its broadest ■ outlines may he -summarised as 
follows: The introduction of a centre of residual affinity into a 
saturated molecule increases that molecule’s power of absorbing 
light. The introduction of a second centre of residual affinity into 
the molecule normally increases the absorptive power, although in 
some cases (such as the iodine compounds) it may act in a con¬ 
verse manner. If the two centres of residual affinity are placed, 

^ so' far apart in the molecule, either spatially or striicturally, that 
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tliey fail to exert any luuiiial infliienco on one another, tlien the 
absorptive power of ihe nioleeiile is greater than is found to be 
the case when the same amount of residual aOinity is concentrated 
in two adjacent points ol the molecule. 

The Si'r Donald CtramE Laboratories, 

The Quetan’s tlNiViAUSiTY of Belfast. 

FHYST.CAr4 Chemistry Department, 
The University op Gi^asgow. 

iUeceived, July mh, 1917.] 


LXXL—T/ie Uniform Movement of Flame in Mixtures 
of Acetylene and Air. 


By William Arthur Haward and Sosale Garalapury Sastry. 


In continuation of the revision of previous work on the propaga¬ 
tion of flame tliat is being carried out at tlie Home Office- Experi¬ 
mental Station under the direction of Dr. It. V. Wheeler, we have 
deterfKiined the speeds of the “ uniform moyeinent ” in mixtures of 
acetylene and air. 

It may.be recaUed that the ‘^uniform movement’’ occurs when 
an inflammable mixture of gases is ignited at the open end of a 
horizontal tube closed at the other end, and is usually regarded 
as the normal speed of propagation of flame from layer to layer 
of the mixture by conduction of heat (Mallard and Le Chatelier, 
Amh ties MineSf 1883, [viii], 4, 374). 

Previous determinations of the speed of the uniform movement 
in mixtures of acetylene and air have been made by Le Chatelier 
(OofHpf. reud.y 1895, 131, .1144), who- used a glass tube 4 cm. in 
diameter. The speeds recorded were: 


Acetyi(3no in mixture. 
Per cent. 

2*9 

8-0 

9-0 and 10*0 
22-0 
64-0 


Speed of uniform 
movement. 
Cm. per st'.eond. 
10 
500 
000 
40 


In a later publication, namely, “Le Carbone” (Paris, 1908), Le 
Chatelier gives intermediate values: 


Acetylene in 
mixture. 
Per cent, 
6*0 
7-0 
15*0 
' 40‘0 
60 ' 0 ' 

VOL. 0X1* 


Speed of uniform 
movement. 

Cm. per second. 

200 
400 
300 
. 22 
' 7 

-'ll 
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but it is not clear wlietlier these are actual cletenninationa or 
numbers interpolated on a curve constructed from ill© results 
recorded in the Gomptes rend>m. 

Le Chatelier thus describes the curve he olitained {loc, cit.^ 

p. 280): 

courhe . . . present© une forme toiite special©; ell© m 
compose de trois droites: une droite inontante et une descendant© 
se Goupant pour la vitesse ma'xima vers 10 p. 100 d’acetylonej puia 
eiisiiit© une droite tres peu inclinee coupant la second h la teiieur 
de 20 p. 100 et s© prolongeant jusqu^ii la limite d'inllaiuniabiiite 
siipei-ieur©, Ce troisieme segment de la courbe correspond h la 
combustion avec flamnie fuliginense et depot de charboii. Au- 
dessous de 20 p. 100 il ne se forme par la combustion que des 
produits gazeux, acid© carbonique, OKyde de carbon© et 
hydrog&ne/^ 

Our own experiments were made in a glass tub© 12 mm. in 
diameter, and are not therefore directly comparable with Le 
Chatelier s so far as the absolute measurements of speeds are con¬ 
cerned. It is permissible, however, to compare the shapes and 
characters of the two curves. W© can confirm the statement that 
mixtures containing more than about 20 per cent, of acetylene 
deposit soot owing tO' decomposition of excess of acetylene, and 
that the speed of propagation of flame in such mixtures is slow; 
but we cannot agree that the curve can be represented by straight 
lines. As with mixtures of other inflammable gases and air, there 
is a gradual flattening of the curve towards the limits, and the 
maximum speed is obtained over a range of mixtures containing 
between 8 and 10 per cent, of acetylene, so that the crest of the 
curve also' is flattened. 

Our results are shown graphically in the diagram* The speed 
of the flame in mixtures containing more than 20 per cent, of 
acetylene decreases gradually as the percentage of acetylene is 
increased. The mixture of acetylene and air for complete com¬ 
bustion contains 7*75 per cent, of acetylene; the fact that the' 
fastest speed of flam© is found in mixtures containing rather more 
than this, can'be explained on the assumption that the thermal 
conductivity of acetylene is higher than that of air (compare 
Haward and Otagawa, T., 1916, 109, 83). 

Experimental. 

The method of experiment and the electrical means of measuring 
the speeds of the flames were the same as employed by Wheeler 
(T., 1914,'105, 2606). 

The acetylene was obtained compressed in cylinders, without 
Acetone as solvent, and was of a high degree of purity (98 to 99 
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per cent. Tlie iiiixiures were made over brine in metal 

gas-lioldeAs of 70 litres capacity, and were analysed before. use; 
tlie explosion tube was filled with the required mixture by dis- 
placenieiit of air, six times the volume of the tul)f3 being used. 
The iiiiiijil temperature of the mixtures was that of the room 
(16® to 20®), and they were saturated with water-vapour at that 
temperature. 

Ignition was by means of a lighted taper, which was drawn 
rapidly past the open end of the tube. The speeds were measured 



2 4 6 8 10 12 14 16 18 20 

A cetylene, per cent 


between two points 40 cm. apart, the first point being 10 cm. from 
the open end of the tube. 

In addition to the experiments recorded in the diagram, for 
which a tube 12 mm. in internal diameter was used; the speeds 
in tubes of 9 mm. and 25 mni. diameter were also determined. 
The speeds in the 9 mm. tube were rather slower than those 
obtained in the 12 mm. tube, but the shape of the curve was the 
same. With the larger tube, 26 mm., the duration of the uniform 
movement was too short to admit of accurate measurement by the 
means employed. 

Immrial ConLEOB OF SoiENon AND Technoloov, 

,SoUTBc KuNsmaroN, 8*W- [Bemivedi Angnst Uh, 1917.j 
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hXZll.---M€thylation by Mewns of FormcMehyde. 
Fcirt L The Mechomism of the InteracMon of 
Formaldehyde and Ammoninm Chloride; The 
Freparation of Methylmnine and of Dwietliyl- 
amine. 

By Emil Alphonse Werneh. 

The preparation of inetliylaniiuo from formaldehyde and 
ainjiioiiiiim eliloride iw ])erlin.ps not wo well known aw it c.ertainly 
deserves to. be. Having occasioji to nnike use of this reaction from 
time to time during the last few yea.rs, the aiii.hor lia;4 studied tlris 
interesting and important change, thd inechaiiisin of which, it must 
be admitted, has up to the present remained decidedly obscure. 

Several new facts have been, brought to light which have greatly 
helped to disclose what is now believed to be the true mechanism 
of the progressive changes involved in this rather complex reaction. 

The interaction of formaldehyde and atnmonium chloride was 
first examined by Plochl (iicn, 1888, 21, 2117), who, from a rather 
superficial study of the change, observed the formation, of tri-* 
methylainine and the evolution of carbon dioxide. No attenijit 
was made tO' give an explanation of the reaction whereby the amine 
was produced. 

Some years later Brochet and Oambier {(h)inpt, rend,, 1895, 
120, 449, 557; Bnll. Hoc, chmi,, 1896, [iii], 13, 392) reinvestigated 
this reaction, and showed what were the best conditions for the 
economic preparation of methylainine hydroidiloride by its means. 

The expla.nati(>n which they have given, of wliat they considered 
to be the,main reaction, is far from satisfactory, imd they Invve 
been decidedly at fault in their observations eomterning certain 
experimental facts connected with the reaction. 

As a result of their investigations, they have drawn the con¬ 
clusion that whilst methylainine is almost the sole product when 
ammonium chloride is used in excess, trxmethylamine is the main 
product when formaldehyde is in excess. 

The latter conclusion has not been confirmed. 

These investigators have evidently mistaken impure dimethyl” 
amine hydrochloride for the salt of the tertiary base, only a small 
quantity of which has been detected when formaldehyde was used 
in excess, and even then only when a relatively high temperature 
was. attained. 

As , regards their explanation of the reaction, Brochet and 
'.Oambier have drawn the conclusion that ^Mhrmalcleliyde coiideiises 
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wii'ih JUiHiKnuiiiH cbloride in a very complex maimer’'’; it lias been 
a-SHumed tliafc i.rimei]iylenel:ri,amiue hydrocliloriele, 
is at once formed, as a rosuli, probably, of tlie polymerisation of 
nietbyleneiinine, OJ:L*NH, proelnced in tbe first instance; the 
I'lolynierldo then condenses further with formaldehyde, whether the 
latter is present in excess or not, to give niethylamine hydro¬ 
chloride, according to the equation 

2(CIL:NH,IiCl)^ + sen.o -h 3HoO 6CH^-NIL,HC1 -}- 3CO.. 
When the aldehyde is present in large excess, the^^ state, on 
arrive linalement an chlorhydrate dii trimethylamine par line serie 
de reactions identiques,’'* that is, the compound, 
(CH.IN-CILJICl)., 

is formed, which in its turn condenses with lormaldehyde to form 
carbon dioxide, methylamine, and triniethylarnine. 

It must be admitted that the above equation still leaves the ques¬ 
tion of the origin of methylamine rather oliscure, let alone the 
case of trimethyianiine. 

More recently, Knudsen {Ber., 1914, 47, 2694) has re-examined 
tliis reaction, and whilst he has forestalled the author in showing 
that dimethyl a mine was produced, he has not added any useful 
iiiforination towards the elucidation of the mechanism by which 
the amines take origin. Thus it has been assumed that dimethyl- 
amine and trimetliylaminc are produced from the decomposition 
of- a complex, not to say doubtful, diinethylpentamethylene- 
tetramine formed in the first instance as a result of the union of 
methylamine with excess of formaldehyde. 

In both cases, then, ohscure condensation reactions have been 
regarded as explaining the formation of all three amines. This, 
it will bo shown, is quite unnecessary in order to explain the 
different clianges, and, moreover, such a vmw is in contradiction 
to the observed facta* 

Meeliaiihm. of the Forotaiioit of Methiflanrute and of 
J) im e t hyla m ine . 

When a solution, of ammonium chloride and formaldehyde (com¬ 
mercial formalin), in the proportions recommended by Brochet 
and Cambier, was gradually heated, a volatile liquid began to 
distil at 50°; after heating at 104° until distillation had prac¬ 
tically ceavsed, the amount of distillate obtained was equal to 
22 per cent, of the weight of the' formaldehyde solution taken. 
This distillate' has been considered by Brochet and Cambier to 
consist of methylal and water only; thus they state that the pro¬ 
duct may contain from 60—79 per cent, of the former. ' 

Whilst methylal formed a considerable portion of the distillate, 
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the chief coiistikieot. was .metliyl formate, an importaiii fa<'fc whicli 
Brocliefc a.iid Cainbier have coinpleiely overlooked. compoHi- 

lion of tlie cliytillaie was fairly consivani, wheilicr ai)imoi.iiirin 
cliloride or fornialdeliyde was present in an excess a,t; iiie outset. 

When :m,eiiliyl amine hydroclilorido juid forinaldeliyde were 
heated in sointion, 90*^ was roaelied before disi'.illa,tioii wa.s 
observed; tlie distillate contained rnetbylal and metliyl formate 
ill nearly equal proportions; on ibc otlier hand, from dimetliyl- 
aminoiiinm chloride and formaldehyde, after lieatitig under similar 
conditions, a distillate was obtained wliitdi contained practically 
no methyl formate. 

The following results represent the average co\tnposition of the 
distillates in the three respective cases: 


• Percentage oompositio n 

(I.) 

(II.) 

NH,M©C!1+ 

(III.) 

NH„Me,Cl+ 

NH/TyOHaO. 

dH^O. 

da,5. 

of distillate. 

104^ 


^■rrllO^ 

Methyl formate. 

= 390 

13*10 

0'13 

Methylal. 

==34-6 

13*32 

8*70 

Free formic acid .. 

« 1-6 

3*64 

2*80 

Water.. 

= 24-8 

60*94 

88*37 


COg freely 

CO 2 freely 

a trace of 


evolved. 

evolved. 

COjj evolved. 


Whilst the formation of methylal is a normal result of a reaction 
between formaldehyde and methyl alcohol (present in commercial 
formalin) promoted by hydrochloric acid set free during the 
process, the production of methyl formate (and carbon dioxide) 
in considerable quantity furnishes an important clue to the 
mechanism of the reaction. The oxidation of formaldehyde to 
formic acid, and of the latter to carbon dioxide, must, in ih.e 
present cireinnstances, be provoked by the presence of another 
substance having an equal tendency to undergo reduct.ion. 
Through the decomposition of water the desired result is atl.ained, 
a simultaneous oxidation and reduction is brought about, and as 
a result of the latter, methylamine and dimethylamine are pro¬ 
duced in accordance with the following acheinev 
The first phase of the - change gives rise to methyleneimine, 
thus: 


(1) H-COH + NHs(H01)* -> H-CH<g.^ 

0H3:nh(hci)+HjO 

It is the great tendency of formaldehyde to react with ammonia 
that no douht determines a rapid dissociation of the haloid salt; 

When ammonram chloride and formaldehyde are mixed in aolutbiu 
the liquid quickly becomes strongly acid from liberation of hydrogen 
chloride,; the brackets are used here to indicate, the dissociated salt. 
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til©' feel)!© basu C'Ha.NIrl reniains largely dissociateclj since titra¬ 
tion, using pl:ieBo1|}litlialeiii as indicator, shows all the hydro- 
diloric acid to be in the free state. Its presence, however, prevents 
polymerisation of the base, and equilibrium (that is, neutralisa¬ 
tion) is rapidly established by reduction and oxidation, thus: 


<* ‘vr r r / i v \ 


and whilst part of the formic acid is neutralised by esterification, 
the larger portion is oxidised to carbon dioxide and water. 

As the temperature rises, the main reaction (2) is soon accom¬ 
panied by a change similar to (1), in which methyl ammonium 
chloride takes part, whereby dimethylammonium chloride is 
ultimately formed, thus: 

(3) CHgO + NHo*CH3(HC1) = CHo:N-CH3(HC1) + H.O. 


(4) Cii;iSr*GH,XH0l)-j-H2 


O + H-COH: 


gNH^HCl + H-COaH. 


The next aiul final phase in the change is the result of a reaction 
lietween formaldelvyde and dimethylammonium chloride, thus: 

(5) CH,0 + MH(0H3),{HC1) = +H,0. 

find since a stable saturated base is produced it will show no tencl- 
eiH^y to suffer reduction, and consequently there will be no oxida- 
iion of formaldeliyde during this phase, as shown by the results 
obtained under III. 

In accordance with this scheme, therefore, trimethylamine cannot 
bo directly formed during the progress of the changes which give 
rise io tlie pritnary and secondary bases, and this explains why it 
lias not been detected in the reaction product when the temperature 
was not allowed to rise above, say, 110®. 

If, on the other hand, the temperature be carried too high, as 
wjis til© case in Knudsen’s experiments {loc. cit>). or the heating be 
iindnly prolonged, a condition whicli can scarcely be avoided in 
dealing wii-h the final mother liquors, after the separation of the 
bulk of tlie clilorides of methylammonium and of dimethylammon- 
ill 111 , then aoiri© trimethylamine is undoubtedly produced. The 
evidence goes to show that the tertiary base, very probably, arises 
from tlie decomposition of the abovei methylene base> thus: 

(6) = N{0H3)3,H01 + CF3:if-CH3(HCl). 

Til© unsaturated base, in the absence of excess of formaldehyde, is 
polymerised to the compound (CH 2 *]Sr-CH 3 ) 3 ,* the presence of which 

* This base bos been prepared by Henry {Bull Acad, my, Belyis 1893, 
[iii], Mf 300), and later by Broohet and Oambier (^oo. cit,% who determined its 
moleoular weight. 
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can he shown by Ukv i'unnaUoii ol' a. coiiiims in-('ci|)iialc on addiiioti 
of picric'acid. ' The picraXe (in. p. I'JT", ihidcn and Scini.rlf, /b-r., 
1895, 28 , 9;>G) caainol. be cryslallisi'd fniin water im ariamiit of the 

oasa witli wliicli it 


Siric© tli6 clitUiges rcfH’csent-ed l)y (ajuai'ifHis (2) .'ijmI (4) oveiia.j> 
during tlie progress of the reautioii, iJie prodiK'iiiou of diuiutiliy!- 
aiiimoiiium chloride in iiioderatc quantity caiiuot. lie avoided. Its 
Repaxatioii from a couf^idcrahlo amount of luefihylauntioniuiii (di]ori<h^ 
iS'j however, a very simple matter, an desendbed later on. 

By adopting siudi conditions as were indicvited by iiie a!)ove 
scdieiiie, a very Ja-rgo yield of <limeibyl/immoniuin fdilorifle has been 
obtained witiii the use of inneh less forma,1-debyde tliam was foiuid 
necessary hy Kniidsen (lor. r/L). The aiKsenee of (‘oiiflcmsaition |>rc,e 
ducts in tlie early stages of tln.^ reactaoip tfiat is, botli before and, 
after largo quantities of metliylammoniurn ajid dimetliylaminoniuni 
elilorides iiavo been prufluced, has boon prtjved by the faei, that nr? 
yjrecipitatioii was produced o,n the adtlition of |>ieric. t'leid. This 
reagent forms sparingly sohible compounds with all tlie ta,)ndensa»' 
tion products, or polyinerides which have hit.Iierio bocm supposed 
to play a part in the forinatioii of the primary and secondary 1)ases 
produced in this interesting and important reaction. 

Preliminary experiments Iiavo proved the wide siaji^e of tlie use 
of formaldehyde for inethylating amino-compoundH of variouB typos, 
on the lines of the sctieme just recorded. These, it is to be hoped, 
win be described in the near fnturo. 


ill X r K ,H 1 U. K N T A h, 

Thr i*rrporaluui of ^Irlhpluintriooiotn IJIfloride, 

Tlio proportions of ammonium chloride and 'formaklehyde (40 per 
cjorit, formalin):re€o,mmend,ed hy ,Brocd,'iet ami Cambier (lae. c/A), 
namely, one part by weiglit of the'former, and'two parts by weight 
of'the latter, were found after several trials to give the best results. 
Since about 35 ,per cent, of aminoi-uum chloride has always been 
recovered unchanged, the molecular ratios NH^Cl; SCH^O required 
by theQ,ry are very closely represented by the above proportions. 

Expt. L —Two 'hundred and 'fifty grams of am'mo:nium chloride 
and 500 grams of^ form'aldehyde.solution were,gradually heated in 
a distillation fiask,'which, carried .a thermometer with the bulb well 
below the surface of the liquid. The temperature was slowly raised 
to 104^, and was not allowed to rise above this point, at which it 

Analyses of seven different samples of commercial formalin gave 
as a mean result "35 per cent, of'formaldehyde, and in no case was a sample 
found to, contain 40 per cent. The highest value was 37-4 per cent., the 
lowest 33*2 per cent.' 
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■w;iH iiiaiiii'-aineKl xiiitil no more volatilo liquid distilkd; tliis required 
aJ)out. four and a-lialf hours. The distillate weighed 110 grams. 
I'iir*.' product was allowed. tO' cool, and after filtration from 62 grams 
of aniinoniiiin cldoride which had separated, was concentrated by 
eva|,)Dr;ition at lOiP to about onedialf of the original volume. After 
rennival of 19 grams of <arnniO'niinn chloride,'^' the liquid was again 
coiH'.eiitrated by evaporation until a crystalline scum had formed 
oil tlie surface of tlie liot solution. 

Afier cooling, 96 grams of methylamnionium chloride (Found, 
Cl’""’"52'46. Calc., Cl —52‘59 per cent.) were separated; after further 
concentration a second crop (18 grams, 01 = 52*39 per cent.) was 
obtained. The filtrate was now concentrated as far as possible at 
lOC^ and was left for twenty-four hours in a vacuum over sodium 
hydroxide, after which the semi-solid residue was digested with 
chloroform, when 20 grams of methylammoiiiimi chloride (01 = 52*63 
per cent.) wiiich had been wnashed with chloroform to remove 
dimethylammoninm chloride, were obtained. The total, yield was 
128 grams. 

From the chloroform solution, after removal of much of the 
soiveiib hj distillation, 27*5 grams of dimethylammoniuin chloride 
were obtained (Found, 01 = 44*38. Calc., 01 = 43*5 per cent.), 

A viscous residue (76 grams) which did not crystallise after 
remaining for a week iu a vacuum over sulphuric acid, was finally 
obtained; it contained 01=40*37 per cent. It was distilled, after 
the addition of an excess of a 40 per cent, solution of sodium hydr¬ 
oxide, and the alkaline vapours evolved were absorbed in an alco- 
fiolic solution of hydrocliloric acid, when a small quantity of metliyi- 
ammonium chlorido and a relatively large quantity of dimethyl- 
ainmoniiirn clilorido were obtained, hut no trimetliylammoniuni 
cliloride coxild be detected. Foruialdehyde was also regenerated by 
the aciaon of sodium hydroxide on the viscous material, which no 
< I on b t con tai ned imxcl i tetrai 11 et 1 lyl metl ly lenedia m i ne hydrochloride, 
0,llo(NMe2),),21101, which requires 01 = 40*57 per cent, 

K.vamiuailan oj VolntUe Ijujtuid Distillate,- —This had 0*927, 
Five c.c. after digestion with 50 c.c. of iV-sodium hydroxide required 
18*15 c.c. ol' A-siil})huric acid for neutralisatioii. 

Five c.c., after rexiioval of methyl formate and methylal by heat 
at 70°, left an acid liquid which required 1*65 c.c, of A-sodium 
hydroxide for neutralisation. Hence H'GC^Me = 39*09; CH202 = 
1*62 per cent, The proportion of methylal was determined by differ¬ 
ence after removal of water by anhydrous calcium chloride. The 

* Amm-oninm chloride is very sparingly soluble in a concentrated solution 
of incthylamrnonium' chloride, and eonsequently its separation from the 
latter salt is very sharp, 

h h* 
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so|>arjiiiou of luotliyl forjiiate from l>y fraci^ioiiaJ distilla¬ 

tion wa,s fmiiul 1.0 bo an cKtreniely iodions I'irocess, a, ml' wj'is aljaai- 
doiiod as useless from an econoioic }>oint of view. Tltc^ va.liie of tbe 
dis'tiilato is of ini])ortancej since all i.Iie formic. a,ciil cam 1)0 easily 
recovered sodiiirn formate, after shaking with a. HC'>lut.io]i of sodium 
liydroxide. in ilio cold, and tlms separate-d from mci.liylai. 

The following resiilis iliusfcra,te) tlie value of iJicS' whole i'U'occhh 
from an economic point of vioAV. From an experi merit witli 4000 
grams of formalin a/nd 2000 grams of' aminonliim chloride, and 
'W'itlioiit worki'ng up the ihial viscous residue, tlnu’e were obtained 
1037 grai'iis of pure methylanononium chloride, 21H graj'us of nearly 
piire^ (iii'iiethylammonimn chloride, 408 graitis of anliydrous sod,i'um 

fo,rinate, and 2G4 grams of pure incihylai (lx p. 4,2-.43^-^), wi,iiist 

(508 grari'is of ammonium chloride were recovered. The yield o'f 
nietliylamiuoniiiin chloride was equal to 79*6 p€ir cent, of the wcigiit 
of amnioniiuu chloride which had entered into r6actio,n. When tlio 
value of the by-products is taken into eousidei'ation, it will bo scnm 
that the methylammo-nium salt is obtained for a very small o'utlay. 


Fr 11 a n o f Dim. ethf/lam mo n hi m 0 hlorifje. 

The forinatiou of the above salt in this reaction has liecn rcceiitiy 
pointed out by Knudsen (/oc. but the method adopted for its 
preparation distinctly shows the absence of a reasonable a'pprecia- 
tion of the probable mechanism of the changes. Tliim, in an experi¬ 
ment designed with the object of obtaining the best yield of the 
secondary amine, a useless, not to say a wasteful, excess of form¬ 
aldehyde was employed without any particular advantage. Tim 
following experiment, carried out on the lines of tlie present tlioory, 
gave a very good result. 

Wxft, //.'—Two hundred grams of ammo,nium chloride, am,I 40U 
grains of formalin were heated to 104®, as in Expt. I, and Gf> gra'ms 
•of ammonium chloride were recovered. To the filtrate 300 grait^'im 
of formalin were now.added, and the,solution was again heated at 
this stage to 115®, and maintained as nearly as possible at this 
perature until no more liquid distilled. This required about three 
and a-half hours. ■ Since metbylammonium chloride, produced 
during the 'first stage, is less easily dissociated than ammonium 
clilonde, a higher temperature was required to bring about reac¬ 
tion ,(3). It was noticed that whilst a volatile liquid commenced 
to distil at about 52® in the first stage, 92® was reached in the 
,second stage before any liquid distilled, which is quite in agreement 
with theory. 

The product was concentrated by evaporation at 100® until a 
scum appeared on the surface nf the hot liquid ^ 7 grams of ammon- 
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iiiin cliloricle^ and 27 grains of pure methylammoniiim cliloride were 
re<‘.overed iroin the niaterifil wliicli had scpai-ated after cooling. The 
prodiict Wiis now heated to 120°, until a portion when cooled became 
a se-irii-solid, ci'ystalline mass, aftex'* which it was. allowed to^ remain 
tor two days in a partial vacuum over sodium hydroxide. It was 
tl'ien treated with clilorofonxi as described under Expt. I, and 122 
grams of, nearly pure dimethylammonium chlorkle (Found, 
01-43*14. Calc., Cl =--43'5 pe^* cent.) wex*e ultimately obtained. The 
final residue contained some txumethylammoniuixi chloride, but was 
tiot fxirther dealt with. 

Tlie yield of dimethylammonium chloride calculated on the weight 
of ammonium chloride which had entered into reaction (that is, 
200-72 = 128 grams) was therefore 95*3 per cent, with the use of 
700 grams of formaldehyde solution. Kiuidseii obtained a yield of 
70 per cent, from 100 graixis of ammonium chloride and 1000 grams 
of formalin. 


Prodiivtion of Tnniethi/h(fti/no/ilum (yhloride. from the Interaeti&n 
of Foroi(i!dehfjde a/ul IJinielht/IamnHynitdfi Vhloride, 

Ill order to prove the origin of trimethylamine, in accordance 
with the present theory, the following experiment was made. 

Emft, III ,—Dimethylammonium cliloride (20‘5 grams) and 
4,6 grams of a solution of formaldehyde (molecular ratio 1:2) were 
heated in a distillation llask to 110° for four liours. The composi¬ 
tion of the distillate, which weighed 18 grams, is given under III 
(p. 846). The product, after concentration as far as possible by 
evaporation at 100°, was heated to 120° after which it was allowed 
to remain over'sodium hydroxide, as in Expt. II. The residue was 
dissolved in chloroform, and on addition of ether (well dried) 
4’6 grams of crystals were precipitated, which contained Cl = 36*93 
((.tilljjNjHCi requires Cl = 37*17 per cent.). 

A platinichloride was prepared, which contained Pt = 37 *03 
(CtjIIjiN,H 2 FtCl(j Inquires Pt= 36*95 per cent.). 

The residue, after removal of the solvent, was distilled with a 
40 per cent* potassium hydroxide solution; the alkaline distillate, 
wliicii possessed a strong odour of formaldehyde, was easily proved 
to consist chiefly of dimethylamine with oxxly a small proportion of 
the tertiary base. The original reaction' product, tetramethyl- 
inetliylenediamine liydrochloride, was readily hydrolysed when 
heated with a solution of potassium hydroxide, thus, 

CH2(NMe2)2,2HCl + 2K0H=aH20 + 2NHMe2 + 2iICl + H20. ' 
The sxnall yield of trimethylamine was dxx© to the relatively,low 
temperature attained during the process. 


L 2 
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Expt, IV .—Tlic above was repeated, but tlie teniperatare was 
raised t-o after evaporation at 100^; a yield of 14 grains of 

triiuelbylaininoniiun cliloride was obtained, tbus proving tlie origin 
of the tertiiiry Ijase, as shown in the scheme, equation (G), 


BchiimotiT of ]\let'hplammomam OMoride (ind Fonnaldehijde in 
the rrei^enee of Ethyl Aleohol 

According to theory, no inethylanimonium chloride should result 
from the interaction of ammonium chloride and formaldehyde in 
the absence of water, a point wbicli is not suggested by sucli an 
equation, as 2 CtH 20 + NH 3 =^CTi 3 *NH 2 -hH<i 02 H, wliicli is given by 
Knudseii to show the forination of methylaniine. Tlie insolubility 
of ammonium chloride in pure alcohol jmesents a difficulty in tli© 
use ol this salt; liowever, the test has been made with the irnetiiyl 
derivative. 

Biic'pt. V ,‘—Seventeen grams of methylammonium chloride and 
15 grams of paraformaldehyde (2 niols.) were heated with 50 c.c. 
of alcohol under reflux. The aldehyde was rapidly de|X)lymerised 
and a clear, homogeneous solution was obtained as soon as tlie boil¬ 
ing point of alcohol was reached. After a short time the liquid 
gradually separated into two layers, and the change was completed 
after one hour. The lower layer when cold was a semi-solid, crystal¬ 
line mass, from which 10*5 grams of methylammonium chloride were 
recovered. 

The supernatant liquid was shaken witli a saturated aqueous solu¬ 
tion of calcium cliloride, dried, and distilled; 46 grams of ethylal 
(b. p. 88—89°) were olitained, wlucffi was equal to 88*4 per cent, of 
the theoretical from 15 grams of formaldehyde. Wlicn molecular 
proportions of niefcliyla,innu)uium (ihloridc (17 grains) a,ud panifonu- 
aldehyde (7*5 grams) were used, 13*5 grams of tlie amine- salt were 
recovered, and 20 grams of ethylal wore obiai^<^;(L 

No diiiiethylammoiiium chloride was formed, which bears out the 
part played by water in the general reaction. 

Interaction of Formaldehyde mid Amnionium Chloride in the 
Premme of Water alone. 

It was' pointed out, in the results given under Expt. I, that the 
yield o-f mefthyiammonium chloride was equal to 79*6 per cent, of 
the weight of ammonium chloride which had entered iiito' reaction. 
Theoretically, from equations (1) and (2) one molecular proportion 
of^ ammonium chloride should yield one of methylammonium 
chloride, that is,^ 126*1 parts of the latter salt from 100 parts of the 
former. With the us© of commercial formalin there is inevitable 
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loss of foriiit'ildcliydo as rnoAhylal, wlucli, for obvious reasons, camiot 
l>e profltiably counter acted by using an cxc;ess of tlie aldehyde soiii- 
ifioii. This loss of aldehyde is undoubtedly one of the factors that 
affects the idtiinate yield of niethylamine; when it was eliminated 
bv tlie iiso of paraforinaldehyde, ■ a larger yield of the amino was 
obtained. 

Exp'L VL —Twenty-seven grams of ammonium chloride, 30 grains 
of parafornialdehydo (molecular ratio 1:2), and 80 c.c. of water 
were gradually heated. At 80^ a clear solution was obtained, and 
tlie tem|3^rature was maintained for four hours at 104^. Slightly 
more than one4hird (9‘D6 grams) of the ammoniinn chloride was 
recovered, whilst 18'96 grams of pure methylamnionium chloride 
were obtained. This equals 105'6 parts from 100 parts of am¬ 
monium chloride. The amount of dimethylammonium chloride 
produced was not estimated. It is not suggested from the results 
of this experiment that paraformaldehyde could be economically 
used oil a large scale with advantage, siiice, quite apart from its 
relatively higli cost, neither formic acid nor part of the unchanged 
aldehyde can. be recovered as by-products. The experiment has 
served to support the views put forward, and perhaps on a small 
scale may have sonie advantage. 

M’auy other points, deialing chiefly with tlie iclentificatioii of the 
intermediate products, which have not been touched upon in the 
present paper, will be elaliorated in a future communication. 

Univkesitv Chemioaii Laboratory, 

Trinity College, DuBxnN. If^l'^d 


1.XXi;rL—nc Liberation of Hydrogen StdpUde 
from Gob Fires in Coal Mines. 

By Thomas Tames Bbakelby, 

Ex:pe,eim;ents described in an earlier paper (T., 1916, 109, 723) 
have shown that iron pyrites favourably influences to a small 
extent the oxidation, and therefore spontaneous ignition, of coal. 

Lewes (Second Beport of the Eoyal Commission on Coal Sup¬ 
plies, 1904 [Cd, 1991], Vol. 2, 232), however, expressed the view 
that iron pyrites has no connexion whatever with the spontaneous 
heating of coal This inference is based on the fact that, in an 
inspection of a case of spontaneous combustion where the ,coai was 
heated, the sulphur was found to be evolved as hydrogen' sulphide 



854 T>.EAKEI.KY: 'PUE LIBEKATION Oif HYDIlOaEN: SITLPHIBB 

and not/ as siilpliur dioxide, as would have been the ca..se if the 
pyritoH had anything to do with the fire. 

The fact that hydrogeti sulphide is evolved during the 
stages of a gob fire is indisputable; but the assumption tlnit if 
iron pyrites favoured the heating, the sulphur would be given of! 
necessarily as- siilplnir dioxide appeared to need verification. 
There is the reasonable possibility that the sulphur dioxide may 
be reduced to hydrogen sulphide by contact with tlie healed coah 

Phxperiments were conducted to investigate this question, and a 
detailed a<‘coiint is given in the following pages. 

The investigation has shown that hydrogen sulphide may be 
fonned from heated coal and iron pyrites in a number of ways, 
as, for example, by heating coal, by passing sulphur dioxide over 
heated coal, by heating mixtures of coal with sulphur or iron 
pyrites, by passing water vapour or hydrogen over heated iron 
pyrite,s, etc. 

Therefore, at the seat of a gob fire, it would appear to be quite 
possible for sitlplmr dioxide to be formed, but, previous to an 
external outbreak of the fire, there would be very little likelihood 
of this sulphur dioxide being liberated into the mine atmosphere. 
If the sulphur dioxide were not reduced completely to hydrogen 
sulphide by contact with heated coal in the immediate vicinity of 
the fire, it would encounter the larger volumes of hydrogen sulphide 
that would be issuing from the gradually heated material in the 
locality, and thereby would be decomposed to give sulpluir. In 
consequence of such reactions, no sulphur dioxide would reach the 
external air. 

In view of this, Lewes's statement, that if iron pyrites,,assisted 
in the ignition of the coal the sulphur would bo‘liberated as sulphur 
dioxide, seems to be erroneous. 

The Fofrnatkm of Eydrofjcih 8ul]}liide hy Fmdng Stdphur 
.' Dioxide over Heated Coal. 

In order to reproduce to a certain extent the conditions of 
liberation of the gas from the gob, u moist mixture of four volumes 
of carbon dioxide and one volume of sulphur dioxide was passed 
over 20 grams of powdered coal contained in a glass tube. The 
tube (45 cm. long and 2 cm. in diameter) was gradually heated in 
a 28 cm. platinum-wound electric furnace until the temperature 
reached 500^- The temperature was maintained at 500*^ until no 
further evolution of gas from the coal could be detected. Buring 
this time, the mixture of carbon dioxide and sulphur dioxide was 
passed over the coal at the rate of 2 litres per hour. 




,f.rom; gob fires in coal mines. 


855 


TIi 6 gasfts evoIv'Orl were delivered, first, into a AVoiiIfe’’s bottle, 
wiiere tiirry oils were deposited, tlirougb. a spiral tube iiiiinersed 
ill water at 10*^, and then through pure concentrated sulphuric 
acid. 

After this ineatinent, the hydrogen sulphide in the gases was 
a’hsorbcd l>y passing them through a train of ^foiir bottles, each 
coiitaiiiing a solution of copper sulphate acidified with hydrochloric 
acid. A duplicate absorption train was arranged so that by means 
of a three-way tap i;he gases could be diverted from, one train to 
iiie other. 

At the commencement of an experiment, the air in the glass 
tube in the furnace was displaced by a stream of carbon dioxide. 
The heating was started, and the mixture of carbon dioxide and 
sulphur dioxide was passed through the tube. At first, no pre¬ 
cipitate appeared in the copper sulphate solution, but as soon as 
the slightest trace was discernible the tap was turned so that the 
gases were washed with fresh copper sulphate solution in the 
second absorption train. This was to eliminate any possible errors 
that might arise from a reaction between the hydrogen sulphide 
and any soluble gases with which the copper sulphate solution had. 
been contaminated during the initial stage of the experiment. 

After the temperature of the furnace had been 500*^ for about 
two hours, the mixture of carbon dioxide and sulphur dioxide was 
turned off to test whether the evolution of volatile products was 
continuing. When this ceased, the precipitated copper sulphide 
was collected, washed, dried, and detached from the filter paper. 
The filter paper was ignited, and the ash was added to the main 
part of the precipitate, which was mixed with sulphur, heated to 
redness in an atmosphere of coal gas, cooled, and weighed. 

From the weight of cuprous sulphide, the quantity of sulphur 
evolved as hydrogen sulphide was calculated. 

Blank experiments (in which only carbon dioxide was passed 
over the coal) were made for each sample of coal. 

Three samples of different coals were used in the experiments. 

Coal Awas a selected sample of Arley coal from a local 
colliery. The coal was black, possessing considerable lustre and a 
brown streak. It fractured along lines chiefiy defiined by ^ mother 
ol coal (charcoal). The seam is not subject to spontaneous com¬ 
bustion. The sample was picked carefully, and all visible impurity 
excluded. 

Coal '"B"' was a selected sample of “Five Feet’' coal from a 
colliery near Ch.ester. The coal was moderately dull black, and 
was exceptionally close and compact. The fracture was. mainly 
spHnty. From its properties it would appear to be a .canneloid’ 
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coaL The seam is not subject to gob fires. The sample was frccsl 
carefully from all visible iinpnrity. 

Coal C ’’ was from a local colliery, and was a delibera.tioly 
chosen inferior sample from the Ravine Beam, wlvicdi is siihJcH't; to 
spoiitaiieons combustion. The coal consisted of alternate Ivistroiis 
black and comparatively dull black layers; it fractured easily along 
planes which contained considerable deposits of calcium carbonate. 
Iron pyrites was present in the finely disseminated form. The 
sample was- obtained from the 'neighbourhood of a gob fire. 

Analyses of the coals gave the following results: 



Coal A.^’ 

(Vial “ UP 

(.bat iV' 

Bpecbic (0,’aviiy. 

MMS. 

1*247. 

1*34!. 

UUimate A,nal>psw :— 

i.Vr cent. 

Per cent. 

Per ct'iit. 

Carbon . 

80* jm 

75*761 

67*730 

Hydrogen . 

4'815 

r)-78:i 

2*992 

"Nitrogen .... 

1*365 

1*487 

1*015 

Sulphur .. 

1*412 

0*953 

4-017 

Ash ... 

1*660 

3*646 

12-084 

Oxygon, etc, (by difi). 

9*811 

12*360 

12*162 


100-000 

100*00() 

100*000 

Proximate Analysis :— 




Fixed Carbon . 


47*606 

5l*()37 

Ash... 

1-060 

3*646 

12*084 

Moisture 

0*828 

0*566 

3*738 

Volatile matter.... 

31*037 

48*182 

31*541 


100*000 

100-000 

lOO-OOO 

Yield of Volatile IMattor 

on 



heating to 500^. 

14*421 

25-830 

20*516 


The results of the experiments are given in the accomj>anying 
table, and are calculated for a weight of 100 grams,: 




Coal 0.” 


Time. 

WlHgllt of 
Bulphur i ri 
coke residuo. 

Weight 
Bul|)imr ov 
as 'I'lgS 
Grams. 

Mins. 

Grams* 

f 30 

1*352 

0*V32 

1 60 

1*351 

0*035 

i SO 

1*373 

0*172 

[ 60 

1*379 

0*194 

/ 30 

0*618 

0*049 

j 60 

0*609 

0*049 

1 30 

0*711 

0*316 

1 60 

0*703 

0*351 

f 30 

2*878 

1*096 

1 60 

2*879 

1*098 

30 

4*186 

2*065 

1 60 

4*205 

2*619 


In the above table, each result represents the average of five 
experiments. 
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Tlio iitiio nuniiioned in tlic secuiul column give» the number of 
tniniii.es l*iken t.o rjiise the temperature of the furnace from 15*^ to 
Bii1.)Heqiientiyj the temperature of the furnace was main¬ 
tained at 500° 'until the end of the experiment, which occupied 
from t'wo to two hours and a-half. 

'Results 1".4 were obtained with coal “ A,’' 5—8 with coal 

and with coal Results 1, 2, 5, 6, 9, 10 were blank 

dei,eriniiiations, amt give the weight of sulphur that was eliminated 
a,s hydrogen suipliide when 100 grams of the coal were heated in a 
current of moist carbon dioxide. Results 3, 4, 7, 8, 11, 12 were 
i)l>iaiiied by passing the mixture of carbon dioxide and sulphur 
dioxide over the heated coah 

In the blank experimeui.s, the temperature of the furnace 
reached the following values before any appreciable quantity of 
hydrogen sulphide was evolved from the samples of coal. 

Coat A.’* Coal ** B.” Coal ‘‘ C.’’ 

l’(‘nip(a‘aioro. 21MV" 27(0 275'' 

It. was (>}>served, however, that when the mixture of carbon 
dioxide and sulphur dioxide was passed over the coal, no hydrogen 
sulpiride was evolved until a much higher temperature had been 
reached. The values are given below. 

Coal A.” Coal » B.’’ Coal “ C.” 

'Bvn jM'fmturo.. 440"^ 435° 445° 

During this tiuie, the coal in the tube appeared to have become 
coated with a whitish-yellow powder. No doubt this was a slight 
deposit of sulphur which, probably, had been formed by the reac¬ 
tion between the sulphur dioxide passing over and the hydrogen 
sulphide evolved fro'm the coal. Possibly the organic tarry liquids 
from the coal may have influenced the interaction of the hydrogen 
sulphide' and the sulphur dioxide (compare Klein, J, Physical 
(///rw?., 1910, 15, 1, who also* showed that water was a catalyst). 

Whe'ii the temperature of the furnace reached about 450°, the 
iwoliiiion of hydrogen sulphide became so rapid that the stream 
of sulpliur dioxide was insuflicient to react with it completely, and 
a rapid precipitation of copper sulphide occurred. 

It may be noted that a deposit of sulphur is observed frequently 
ill the initial stages of an actual occurrence of a gob fire (compare 
Heushaw, Departmental Committee on Spontaneous Combustion in 
Coal Mines, Minutes of Evidence, 12th Feb.—16th July, 1913, 
p, 26); but this slight yellow deposit in the cracks of the coal, 
where the heating 'is evidenced, may be due, in addition, to other 
causes than the one stated above. However, the similarity between 
the actual gob ifire and the experiment was striking, 





85S DRAKI^L'KY : THE LIBEBATION OE HYDllOOEN' 


The pereeiiiage of sulphur iu the cok(^ residue, whieli wjis slightly 
more friable when sulphur dioxide wa,s pa,sse(l over the Avoiild 
indicate that a quantity ol the sidphur l.jeeouies lixerl in I lie coke. 
This may he due to an interaci.ion between the siilpluir dioxide 
and, the ash constituents. 

It is possible that if the niiner.'il inaiier of i:he eoal eont.ninetl 
11,me at 500*^, a little siil]')hur may have been formed, by tlio act.io'ii 
of the sulphur dioxide on the lime (Veloy, lb, 1893, 63, 83,1; rom- 
pare ITannnick, this vo!., 379). 

The results indicate that the evolution o,f the hydroge.n sulpiride 
is increased wlier© sulphur dioxide is 'passed over heating coa,l. Tlie 
olisetved fact that the sul|)hur is evolved as hydrogen sul|)luflc .'iiid 
not as sulphur dioxide from a gob fire does not, t.lierefore, decid^^ 
the question whether or not iron pyrites assists in the spontaneous 
ignition of coal. 

The Formation of Hydrogen Sulphide hy Tlertlmg Mixhhres of 
Coal and Sulphur, 

From the results obtaiiied in the previous section, it wouhl 
appear that the production of hydrogen sulphide resulted from 
heating the coal with the sulphur which previously had been 
depovsited upon it. To investigate this question, mixtures of 
20 grams of coal with various proportions of sulphur were heated 
in a glass tube in an electric furnace to 500^. 

In the first series of experiments a stream of moist carbon 
dioxide was passed through the tube, and interrupted only to 
test whether all the volatile gases had been liberated from the 
coal. 

Ill the second series of experiments, the air was displumed from 
the glass tube containing the mixture of coal and. sulphur by means 
of a stream of dry carbon dioxide. The carbon dioxide was t.uriied 
o,ff until all volatile matter had been expelled from the mixture, 
then the residual gases were swept intO' the absorption, train by 
means of the current of dry carbon dioxide. 

Bry. carbon dioxide was driven regularly over the heated m,i,x- 
tiires in the experiments comprising the third, series. The current 
of carbon dioxide was interrupted only to test for the cessation of 
the evolution of gas from the mixtures. 

The apparatus and the^ method of collecting the hydrogen 
' sulphide have been described in the previous part of the paper. 
The following table gives the weight (in grams), of sulphur that 
was eliminated as hydrogen sulphide and the weight of sulphur in 
the coke from mixtures of 100 grams of coal with different quanti¬ 
ties of sulphur: 
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Rr^Holt 

I. 

4 

5 

7 J 


8 ' 



ro 

0-608 

0*049 

0-61S 

0*040 

0-610 

0-049 

e 1 



1 

0-613 

0-872 

0-617 

0-G93 

0-623 

0*604 

10 ! 



2 

0-618 

1*801 

0*835 

1-502 

0-871 

1-025 

ii 


Coal B.” - 

3 

0-617 

2-673 

1-201 

1-712 

1-114 

1-513 

12 



4 

0-615 

3-397 

1-439 

2-383 

1-603 

2-007 

13 



5 

0-612 

4-413 

1*423 

2*524 

1-501 

2*188 

14 J 



[6 

0-617 

5-216 

1-457 

2-591 

1*512 

2-436 

15 



r 0 

2-877 

1-098 

2-878 

1-097 

2*905 

1-097 

16 



1 

3-054 

1-897 

3-082 

1-803 

3-085 

1-802 

17 



2 

3-230 

2-633 

3*208 

2-516 

3-284 

2-517 

18 ' 

r 

Cnal “C.’‘ - 

3 

3-509 

3-189 

3-6U 

3-107 

3-627 

3-091 

10 



4 

3-605 

4-314 

3-828 

3-591 

3-971 

3-388 

20 



5 

3-892 

4-846 

3-909 

3-807 

4-426 

3-645 

21 J 



[i\ 

3-955 

5-684 

4-136 

4-070 

4-518 

3‘923 


It iw well known that sulplixir below its boiling point combines 
with hydrogen, and when heated to 200° reacts with paraffiii or 
vasolin, forming hydrogen sulphide. Even if little free hydrogen 
is evolved from coal at 500°, the action of sulphur on bituminous 
coal would explain the production of hydrogen sulphide. 

Evidence that the coal behaved differently when heated with 
sulphur was noted by the change in the character of the coke. 

When coal A was heated alone to 500°, a firm, hard coke 
with submetallic lustre was produced, but as the quantity of 
sulphur admixed with the coal increased, the coherence of the 
coke residue diminished. Indeed, in the experiments of series 1, 
when the coal was heated with 6 grams of sulphur, the resulting 
coke was quite pulverulent. The cokes were less powdery in series 
2 than in series 1, and in series 3 than series 2. The above state¬ 
ments were true also for coals B and C.” 

The influence of moisture on the production of hydrogen sulphide 
was particularly noticeable (compare Jones, Mem. Memchester Phil, 
Soe,^ 1904, 48, No. XVI.). In the experiments in series 1, in 
which moisture was admitted, the sulphur evolved as hydrogen 
sulphide exceeds the quantity collected in the corresponding ex¬ 
periments'in series 2 and 3. In series 3, dry carbon dioxide was 
passed continually over the mixtures, and the'" production of 
hydrogen sulphide was the smallest. 


Weight of 

^ B^iilphoy ^ Sorios 1. Series 2. Series 3. 


100 

grams 

8 in 

S as 

8 in 

S as 

8 in 

S as 

Sample, of ooal. 

coke. 

H,S. 

coke. 

H,S. 

coke. 

H.S. 

Grams. 

Grams. Grams, Grams. Grams. Grams. Grams 


ro 

1-352 

0-032 

1*361 

0-031 

1-363 

0-031 


1 

1-373 

0*801 

1*.394 

0-605 

1-394 

0-515 


2 

1-374 

1*652 

1*401 

1-151 

1-391 

0-997 

Coal “ A.” ^ 

3 

1*371 

2*302 

1*393 

1-572 

1-404 

1-354 


4 

1*370 

3*109 

1*402 

2-095 

1-395 

1*736 


5 

1*370 

4*036 

1*401 

2-097 

1-397 

1*831 


u 

1*373 

4*783 

1-395 

2-103 

1-403 

1*987 
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J.tr in iiHpoKMil)U\, liowever, to clernui.ely liow fa-r iiioiaiiu'o is 

resixJiLsible for tlie formation, of hydrogen sidphide, as waie,r is 
0,11 e of the dexioniposition products on heating t'oaJ, fitui tl:ier6fore 
its oli,millation is incapable of being- ac<,'(>nipli8hed. Thai- it is a, 
very iinportaiit factor is deraonstratec.l by tlie greai.er produclioii 
of liydrogen sulphide in series 1 than in either seric.H 2 or .1. 
Fiirtlieriiiore, with coal C/' which contained more than 3 per 
cent, of moistiire, the difference between the results in series 2 and 
3 and those in series 1 is not so marked as with tlie eo!ripara.tively 
dry coals Aand ‘TB.” That moisture is probably not the sole 
ffictor is siibsta,ntiated by the production of hydrogen sulphide on 
heating such a mixture as sulphur and para,ffin. 

Tiio decomposition, of ilie moisture by the healed sulphur wouhi 
|,produce oxygen a,nd hydrogen sulphide, and the loss ol tlie caking 
power would appear to bo explained satisfactorily as tlio result 
of' the oxidation to inert substances of thoa© particular compounds 
which endow the coal with this property. This was upheld by the 
fact that the coke increased in hardness from series 1 to 3, that is, 
as the moistxrre admitted to the reaction was diminished. No 
attempt was mad© to determine whether any carbon dioxide was 
reduced by the heated coal to carbon monoxide (see Meyer and 
Schuster, Ber,j 1911, 44, 1931). 

The weight of sulphur fixed in the coke showed no marked varia.- 
tion with the different mixtures containing coal but tiie 

cokes from coals B and C exhibited a gradually increasing 
fixation of sulpliur. The presence of moisture tends to reduce the 
quantity of sulphur left in the coke. 

During each experiment there accumulated a iirecijiiiate; of 
8ulp,hixr in the sulphuric acid, washdiottle. This was notice’ab,l<j 
particularly with the coal mixtures containi.ng the larger (|iia,nti- 
ties of sulphur. At th© conclusion ol an experiment the sulpliuric 
acid was found to emit a pungent a,ncl disagreeable ga-rliolike odour. 

Til© ©xperiments indicate that where mixtures of sulpiuir and 
coal are heated, the sxilphur is evolved largely as hydrogen sulphide 
and that its formation is increased by th© presence of moisture. 

These conditions are fxilfilled admirably during the initial stage 
of a gob fireq for sulphur becomes mixed with the coal, moisture h 
present, and the temperature gradually rises. Therefore it is not 
surprising tliat hydrogen sulphide is liberated from tii© gob and 
that sulphur dioxide is not observed until the fir© breaks externally. 
Incidentally, the author may add that he has been a&sured by one 
wdiO‘ has had experience of gob fires that the odour produced in the 
room by heating coal with sulphur is almost identical with the 
peculiar and characteristic gob stinkd' 
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Hence it may b© ui'giied that such a. series of reactions as the 
following ta,ke place in the gob. First, iron pyrites assists the 
ignition and liberates snlphiir dioxide. The materials in the 
locality are lieated and evolve hydrogen sulphide, which reacts with 
the siilpliur dioxide to form sulphur. The sulphur is deposited 
on the coal wliich is being heated gradually, and from this mixture 
the sulphur is disengaged as hydrogeit sulphide. 

It certainly cannot be inferred that iron pyrites has no influence 
on the spontaneous ignition merely because hydrogen sulphide, and 
not sulphur dioxide, is liberated from the gob. 


The> Fimnation of Hydroyen Saljdide hy Heot 'n/y Mia:ti(res of Goal 
and Iron Pyrites, 


The experiments in this section were made in the same manner 
as tliose just described. Tlte mixtures of coal and iron pyrites were 
lieated in a glass tube hi an electric tube furnace to Previous 

to the heating, the air was displaced from the tulie by a stream of 
carbon dioxide, whilst at the conclusion the residual gases were 
swe|>t inio the absorption train, containing acidified copper sulphate 
solution, by again turning on the current of carbon dioxide. 

The analysis of the iron pyrites gave the following results: 


Silica .... 1*416 cent. 

Iron. 45*903 „ „ 

Sulphur . 51*978 „ ,, 

Copper . trace 


Til© weight of sulphur evolved as hydrogen sulphide from various 
mixtures of coal and iron jiyrites is given in the accompanying 
table. 

Weight of iron Weight of sulphur 
pyrites mixed with evolved as hydrogen 


Result, 


Sample. 


100 grams of coal. 
Grams. 


sulphide. 

Grains. 


i 

*> 


a 

4 

6 


Coal “ A 


f ^ 
2 
4 
6 
8 
10 


0*031 

0*208 

0*387 

0*533 

0*066 

0-876 


7‘ ^ 
8 
9 

10 ' 
11 

12 J 


Coai^B 


0 

2 

4 

6 

8 

10 


0*049 

0*604 

0*686 

0*789 

0*901 

1*013 


16 f Coal^‘C»’ 

17 \ 

18 J 


0 

2 

4 

6 

8 

10 


1- 089 
1*620 
1*953 
2*194 

2- 676 
3'-068 
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H011CO5 til© liberation of hydrogen, snl|diido ,rro!H a. goli ('ire may 
be duo, to a certain extent, to tlio clTect of tlie <‘oal tadiig lieai-ed 
ill til© presence of iron pyrites. 

2he Formation of llydrcnjeni Sidphido by Moht ihithtm 

Dioiolde over Healed Iron Pyrites. 

A .streani of dried, car lion, dioxide was passed over iron |)y rites 
heated as in tlie previous experiments to 500^ in an clindriii tube 
funiace, and no hydrogen sulpiiid© could be detected in iho issuing 
gases. 

Wlieii, liowever, a ciUTont of moist carho,n dioxide was |)assed 
over the heated iron pyrites it resulted in the iininedijite |n‘odius 
tion of hydrogen sulphide (compax*© Jones, iac. cit.). A consider- 
able accumulation of sulphur collected in the cooler |)artB of the 
glass tube. 

Tliis experim,ent indicates that soxne of the hydrogen sulphide 
liberated from a gob fire may owe its origin to the action of mois¬ 
ture on heated, iron pyrites.. In the gob there would be oxidinabie 
material, which would acquire with avidity the oxygen produced by 
the decomposition of the moisture, and would thereby tend to 
promote the formation of the hydrogen sulphide. 

The Formation of Hydrogen Sulphide hy Fnmng ]Iyd>fogen over 
Heated Iron Pyrites, 

For the experiments in this part 2 grams of iron pyrites were 
placed in each of two tubes (48 cm. long and 1 cm, in diameter), 
which were introduced simultaneously into an electric tub© furnace 
at 500*^, Through one tube was passed a Htrea,in of dry hydrogen 
at til© same rat© as moist hydrogen was driven ilirough tlie otlim\ 

The gU'Ses leaving the tuh© were delivered direct into ac-idifmd 
copper sulphate solution. The precipitated, iHjppe/r sulphide 'vv'is 
collected every fifteen minutes, and the sulplmr estimated as p:re\-i- 
ously described. 

The quantity of sulphur emitted as hydrogen sulphide is given 
ill the following table [under (a) when dry hydrogen was passed, 

Time. Sulphur evolved as hydrogen sulphide 


Minutes.» 

(a) 

Grams, 

Grains, 

15 

0'436 

0-779 

30 

0-608 

1-140 

45 

0-705 

1-388 

60 

0-753 

1-518 

75 

0-773 

1*590 

90 

0-792 

1-628 

105 

0-796 

1*632 

120 

0-801 

1-636 
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under (h) wlioii wet liydrogen was used. The results are calculated 
for a weigl.it of 10 grams of iron pyrites.] 

Tile values ckKirly demonstrate the paramount iiiiportanc© ol 
inoisfciire ,iii tlie reduction of iron pyrites hj liydrogen. 

In the coal mine the gob may reach a high temperature when 
liydrogen will form a considerable proportion of the gases omitted 
from tlie coal (Burgess and Wheeler, T., 1910, 9?, 1917). 

In these circiiinstances, should it pass over heated iron pyrites, 
hydrogen siilpliide would constitute one of the gases emitted from 
the gob. 

The author’s thanks are due to Mr. George William Farmer for 
assistance in the last series of experiments. 

The Chemistry Department, 

Mining and Teohnioal Ooleege, 

WiOAN. [Received, July I4th, 1917.] 


,LXXI V.—TAe Constitution of Carbamides, Part IV. 
The Mechanism of the Interaction of Urea and 
Nitrons Acid. 

By Emil Alphonse Werner. 

The deconiposition of urea by nitrous acid is generally considered 
to be properly exprC'Ssed by the following simple equation: 

CONsH^ + 2HNO2 -= COg + 2^2 + 3H2O, 
and this reaction is frequently cited in text-books as additional 
evidence in support of tlia carbamide” structure of urea. 

Theoretically, this reaction should be available for the 6.stimation 
of urea, as is commonly suggested in the literature; it is never used 
for tins purpose, and it is doubtful whether it ever has been, since 
experiment has pi’oved it to be quite^ valueless. On the other hand, 
it constitutes a well-known method for the estimation of nitrous 
acid, with a very fair degree of accuracy, on the supposition that 
the above equation is true. No doubt for this reason, and on 
account of the employment of other methods for the estimation of 
urea, this reaction has been considered all along as a normal change, 
scarcely deserving of any further investigation. 

In continuation of the author’s work on the constitution and pro¬ 
perties of urea, its behaviour towards nitrous acid has been sub¬ 
mitted to a careful quantitative study. The following are some of 
the more important facts which have been'observed, and whilst they 
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sliow wliai ail erroneoiiH conception lia,s been ^.o^ncra/lly ciiit‘rtaJiie<1 
regarding tlio nature of this reaid-ion, they fuily jnsi/ify ilie iiccck^. 
sifcy for a proper investigation ini.o the true*' uicclni niinn lA 
change. 

L Urea and pure nitroiiB acid in aqueous sobii-ion not; int'er- 
act. (Expts. IX, X.) 

2. The presence of a strong acid (hydrochloric or nilrric) qiuekly 
promoted a brisk interaetiou, even in dilute soUiiious, ?ind the roac*- 
tion was oonipleted in a relatively abort tirno. 

3. The presence of a weak acid, such as acetic^ acifl, did not firo- 
mote an interaction, unless the concentration was abnormally high, 
and qven then the velocity of the reaction was extremely slow. 

‘b The volume of nitrogen evolved was not a direct measure of 
tlie amount of urea decomposed, calculated on the basis “Of the 
above equation; the quantity decomposed was initcb grciai.er * ilian 
that indicated by tlie evolved nitrogen. 

5. Only when urea was present in conside'talde excess was the 
volume of nitrogen evolved an approximately triia estimate of tlie 
amount of nitrous acid decomposed. 

6. The volume ratio' of car])ou dioxide to nitrogen (1:2) required 
by the equation has never been obtained; the proportion of carbon 
dioxide was always much higher ; moreover, the coinjiosition of the 
gas was liable to much variation with small changers in concen¬ 
tration. 

It is obvious that, so far as the usual explanation of this reacstion 
is concerned, all these facts stand out as anomalies for which the 
ordinary equation offers no explanation. 

Now, anomalies in such a reaction can have no reality; their 
apparent existence is the natural consequence of an erroneous coii" 
ceptioii of tlie ciiange, and when tlie true constituiiou (}f urea is 
considered they appear as normal pheiiomemi wliicli reveal the 
mechanism, of the interaction. 

Mechanism of the Interaction of Urea and Nitrons AenL 

In the course of a recent investigation on the pro|)erties of pure 
nitrous acid, REy, Bey, and Ghosh (this voL, p. 414) noticed that a 
solution of the acid (F/ 32 -HNO 2 ) was practically without action on 
urea, no matter how much, urea was added.Tlioy found tiiat the 
addition of sulphuric acid was necessary to promote and comploto 
a i“6action. This a.nomaly, they remark, was without any appa** 
rent reason,^’ a just comment when urea is believed to bo, carb¬ 
amide. Pure nitrous acid in aqueous solution does not rea.ct witli 

f See remarks on page 870 
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urea iiiitii an finiino-group is presouk'd for attack, a condition 
hro'iig'lifc about by iiie iirodiudion of a, salt ot urea on tlie addition 
of a siillleieiii.ly strong fund, thus: 

iin:o<^®»+hx = 

Tlie first stage of tlie reaction then takes place, in accordance with 
the equation*: 

(a) +Hl!T02 = N2+HXC0+2H20 + HX. 

The (‘yanic acid is decojn|x)Scd in two ways as fast as it is generated. 
It is hydrolysed/!* thus: 

(h) HN0O + Hj>O-]SrH.i+CO., 

and directly attacked by nitrous acid, according to the equation: 

(c) HNXX3/aiNC\-COij4-N2U-H20 (see Expts. VII and VIII). 

Both these decompositions proceed siniultaneonsly with the 
}>riuiary reaction (u), but the relative proportions in which they 
take place can be varied at will, within certain limits, by adopting 
suitable conditions which will be presently shown. 

Ti)6 production of cyanic acid has been easily demonstrated by 
its isolation in tlie form of the silver salt; thus when urea was 
attacked by nitrous acid in the 2 :)resence of silver nitrate and a 
smaJI excess of nitric acid, a yield of pure silver cyaiiate was 
ol)tained equal to 42 per cent, of the theoretical, calculated on the 
equation: 

(ri) HN:C<Q §'>’^^’^^3 + HNOs + AgNOg = 

+ AgOCN + 2 HNO, + 2H5O. 

Consideriug the favourable conditions for hydrolysis, and the very 
sensiblo solubility of silver cyanate in dilute nitric acid, such a result 
was even more successful than could reasonably have been ex- 
[weted. 

It will be seen now iliat when urea (in the form of a salt) and 
nitrous acid interact, a certain proportion of nitrogen from the 
urea is always fixed as an ammonium salt, and herein lies the fallacy 
of tlie reaction, so far as the estimation of urea is concerned. 

The variations observed in the ratios of carbon dioxide to nitrogen 
are thus easily explained, since the volume of nitrogen evolved is 
lowered in proportion to the amount of cyanic acid hydrolysed. 
The latter change can be only partly suppressed, even under the 

* No doubt this decomposition originates through the medium of 
dia^otisation. . * 

f Cyanio acid in water alone is hydrolysed to urea, 2B[NCOq-HgO« 
'GONaHid-COg (Normand and Gumming, T.,: 1912,, 101, ■ IS59);' in the 
presence of mine ral acid, of course, the change is as above. 
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most favourable conditions (that is, conconij'aibrii and iiitroiiH 
acid ill oxcefi'S)3 with the result thfit the ratio of {'airiiori ilioxido f-o 
iiitrogoii evolved is never that whicli lias lieon erronf*miHiy asstiiiied. 

Now, according to the above ex])1 a,nation, the interaction of iire*‘i, 
and nitroiiB acid is theoretically (dearly divisibi<^; into iiwo stage.s, 
during the first of wiiicli one molecule, of urea, is coiivpletely decom¬ 
posed I'ly one nioleeule of nitroins acid, instead of liy iavO' molcMiules, 
as has ]>een commonly, hut falsely, sup|iosed. 

This has been easily proved experimentally, l>y adopting tfjc exact, 
conditions which the theory rigorously demam.Ls, nanudy, (1) the 
presence of urea in excess at tiie outset, (2) a low eonc-entration of 
nitrous acid, (3) the presence of mineral m^id in exc^esH of that 
required to neutralise ammonia generated from tlie hydrolysis of 
cyanic acid, and so to maintain the proper configuration of tlie ui’ca 
molecule. Under these conditions the decomposition of cyanic^ ac.icl 
by nitrous acid can be almost completely suppressed in favour of 
its detcomposition by hydrolysis, 

A knowledge of the amount of cyanic acid hydrolysed, compared 
with the volume of nitrogen evolved, is an alldmportant factor, by 
means of which a very clear insight into the mechanism of the 
reaction has been obtained. 

The following results illustrate the degree of success which has 
been realised in experimentally proving the problem which is iudi™ 
cated by the theory of the change now put forward. 

Table I. 


Molecular ratios 

I. 

CONaH^-fHNOa. 

.1 : 1 

It 

CONHH^.fHNO.». 
1-5 ; 1 

III. 

OONallrl-HNOo, 
2 : 1, 

Nitrogen evolved, 
calculated on the 
theoretical . 

02*5 per cent. 

05-72 per coat. 

00*24 per c(.*nt. 

HNCO hydrolysed 

87-0 

9B.0 . „ 

»9-i5 „ 

HNCO decom¬ 
posed by HNOa 

13-0 

4-0 ,, 

0-5 „ 

I*roportion of 

urea actually de¬ 
composed ' by 
one raoleouie of 
HNOa .. 

^9-5 „ 

91-n „ 

U'Si n 

Composition of! 
gas evolved ...... 1 

COj=43-l „ 

Nj =53-6 „ 

NO= 3.3 „ 

COj=43-3 „ 

N, =54-5 „ 
NO= 2.3 „ 

00.=44*2 „ 
N/=54-3 „ 

1*3 „ 

Eatio'C 02 to N... 

1 : 1.34 

1 : l-Sfl 

I ; 1*22 


It will be seen, on viewing the results of the above experimeut.H 
(the full details of which are given under Expts. V., VII., and 
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tliat. tli-e, aniomit of urea decomposed by one molecular 
proportion of nitrons acid, according to tlie equation 

^ N2 + HNCO + 2H3O + HX 

was less than that indicated by the volume of nitrogen evolved. 
The dilfereiice was most marked when the exact proportions (equal 
molecules) of urea and nitrous acid required by the equation were 
used, since the conditions were less favourable for a quantitative 
realisation of the second change, namely, 

HNGO + HoO 4- HX=NH4X + CO2,, 
than when a considerable excess of urea was present. In the latter 
case, the desired object was almost fully attained (III), and the 
true nature of the primary stage of the reaction thereby 
established. 

As regards .the composition of the evolved gases, the ratio of 
carbon dioxide to nitrogen was in each case approximately 1:1‘20; 
this, of course, was not the true value, since a very sensible amount 
of carbon dioxide was held in solution in the residual liquid; when 
corrected, in the case'of result III, for example, the true ratio 
was COg—1, N = r02, or 1:1 as required by the combination of 
the two equations. 

It may be well to direct attention here tO' the constant presence 
of a small amount of nitric oxide in the evolved gas; whilst this 
was no doubt due to the decomposition of a corresponding pro¬ 
portion of nitrous acid, thus, 3HN02== 11X03 + 1120-1-2X0, 'it was 
not found possible to eliminate it completely, even when urea was 
in excess and the concentration of nitrous acid, at the outset of 
the reaction, was as low as if/ 20 . Under such conditions as are 
commonly adopted, in the estimation of nitrous acid by the aid 
of urea, the proportions' of nitric oxide may easily amount to 
l>e'iween 6 and S _per cent, of the evolved gases, according to the 
]mrticular concentration of the solution used. This fact appears 
to have been generally overlooked. 

It is obvioxis when the ratios HX0v2:N and 3HX02:2X0 are 
compared that the presence of nitric oxide must lead to a result 
in excess of-the true value; for example, in the case of result III, 
table I, if the nitric oxide found , was included as nitrogen, the 
yield of the latter would appear as 101*8 per cent, of the 
theoretical. 

Bay and his co-workers (loc, cii.), using a solution of nitrous 
acid of concentration if/ 32 , obtained a result which they found 
waa in excess of the true value in. nearly, the same ^ proportion ^ as 
above, and no doubt for the same reason. This decomposition of 
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!iitr«>!iK readily expla-ins why a vSolut'.icHi of coiHjriral ivady liiyli 
coiioeiii-raiiori, jsay 11 N(’X. - - ;V/r>, ran slowly atXa.rk urea ; ilio 
generation of iiit.ric acid gradually brings fihout ilic n'<juir«Hl 
condition. 

The results under ia,l,>le I wore obtained, l\y a,d<liiig i.Iie, 
theoretical proportion of nitrons acid slowly and at intervals to 
the acid solution of urea. A very low concentration o! nitrous 
acid was thus ensured tlirougliout the progress of the rcMudioii. 

When, the molecular proportion of nitrons acid was fuldofl a.l! 
at once, the concesii,ration at tlio outset bei.ng I IN iV/(h ilm 
results, as was to I„)G expected, were very clifrermit, a,s slnnvn btdow 
(E,xpts. IV. and V.), 

Tablk II. 


I. 

OONjjIE'fHNOa. 
Molc'.eular ratios 1 i I 

Nitrogen evolved BblO x)er cent, 


111 . 

COKJh-k'llNC).^ (,T)Ni- 11 N i). 

. b5 : 1 2 : I, , 

94'4;0 per cent. lM,i'48 per ccmt. 


HNCO liydro- 


lysed.,.. 

HbTCO deoom- 

7b5 

posed by HNOg 

28-n 

Urea actually do- 


com])osed by 

KNOj, . 


Composition ofj 
gas evolved \ 

oo,--^:utr) ■„ 
N. „ 

NO---- 4-2 „ 


74*5 „ 7(t0 

25-5 „ 24*0 


6S^'00 „ 7J-P 




COg- 

4:to 

N,. h 

.50-08 „ 

Nn 

54-1 

Nb.v 

O-Ol) „ 

NO 

*>.K> 


Whilst the volume of nitrogen evolved was only slightly l,ielrHV 
tlnit previously observed, the a-inouni f>i‘ urea det!ompOvSed was, in 
each, case,, much loss ihau before. Tlxis was ilie natura/f result, of 
the ,much greater facility o/fered for the detannpositj'on of eyaadi; 
acid by nit.rous acid at the .higher concentration. The .latter was 
also responsible' for the slight incirease in the proportious of nitric 
oxide. The constancy to be observed in the proportions of 
earbon dioxide and, nitrogen in the evolved gases, as shown iii 
both tables, in spite of the fairly wide diiferencea in the propor¬ 
tions of urea decomposed, is easily explained when the ratios of 
cyanic hydrolysed to cyanic decomposed by .nitrouS' acid are con¬ 
sidered. 

As regards the very alow reaction which was noticed to take 
place between urea, and nitrous acid in the presence of acetic acid 
(when HNO2—A/4), this was entirely due to the gradual decom** 

* Within the limits of experimental error, the rate of mi.xi;rig, for iristaiuH'), 
which affects the velocity of the reaction, has a decided iuduonce on tho 
above ratios. 
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position of tli6 former acid. Urea acetate lias been described by 
M.atig*iioii (Oom/pt, rend.^ 1891 , 112 , 1369 ) as a coinpoiiiid wliicli 
was completely dissociated in aqueous solution, hence acetic acid 
could not establish the essential condition required to promote the 
desired interaction (Expts. IX. and X.), 


Berom.podiion of Urea in the Fresenee of Two Molecidar 
Propyrtions of Kitrom A.cuL 

The results recorded in table I have conclusively proved that 
urea can be completely decomposed by one molecular proportion 
of nitrous acid; that this is not accomplished under the conditions 
which are commonly employed is solely dme to the disturbing effect 
of the secondary reaction (<?). 

Now, according to the usual interpretation of the change, two 
molecular proportions of nitrous acid should be required to 
decompose one of urea. 

The effect after treating urea directly with nitrous acid in these 
proportions, and at different concentrations, in the presence of 
hydrochloric acid to promote the change are given below (for 
details see Expts. I., TI., and III.). 


HNO. iV/3 
I. Urea JV/0 
{2 c.c, N-HCl) 


Table III. 

Nitrogen evolved. Composition of evolved gases. 


HNOy N/6 ] 

lTr 0 aiY /12 I 
(2 c.e. NAICI) ) 


It 


HNa> NIB ] 
III. XJroalN/Ui V 
(2 c.c. JVdIOl j 


HNO. iV/10 
'IV. UreaiVy20 
(3 c.e. N4101) 


Per cent, 
72-02 

71-90 

69-19 

72*07 


For cent. 

CC\=r=35-0, N0^9-5 

C02--.32-1, N^==68‘2, NO=-^9-G 

COii«32-0, Ny~-™57-3, NO"-==--10-() 

0O.^=:3M, N.. = 58-h NO = 10*4 


In each case it was readily proved that all the urea had been 
decomposed, whilst an excess of nitrous acid remained, yet in round 
numbers only about 70 per cent, of the theoretical proportion of 
nitrogen was evolved. The remainder of the nitrogen was, of 
course, present as ammonium chloride* in the residual solution 

* It is infcoreating to note that Claus (Ben, 1872, 4, 140) long ago noticed 
the formation of ammonia when nitrous acid, reacts with urea; thus,dm gave 
the following equation for the reaction in the cold; 2 C 0 N 2 H 4 H-Nj 203 «- 
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It will be noiie.ed ako that, even willioui.. allowing for oiirlicirt 
dioxide held in Hohdion, the ratio of ('a.rbon dioxide to idti'ogeii 
was still well l)c!ow tlia-i of I as rc<j[iure(l. 

All equally marked divergence from i,he iheoreiie.al resitlis w;is 
obtained by carrying out the reaeidon iti two scqiar^d.f*; yt;i,geH. It 
will be obvious that, according to the usual, t)ut fake, explanation 
of the change, such a procedure sihould give similar resuli:s for 
each stage. This was not so. Whilst the lirsi stage was 
seiited by the values given under I, table It, ilm volume td 
nitrogen evolved in the second stage was erfuai otdy 2b‘d8 per 
cent, of the original amount of urea present, hence ■ 

89’34 per cent.; iilirogeu from the remainder of i-he urea (lOdld 
per cent.) was fixed as animouiivrn chloride in the sec.ond stage, 
(see Expt. IV.). 

Th© composition of the evolved gases, namely, (J(\-»22’4 pci' 
cent,, N 2 = 50*7 per cent., NO —26*8 per cent., was very diltcrent 
from that of the gases set free in the Erst stage. 

A rather remarkable parado-x makes its app-earam,!© when the 
results are compared on the basis of the false and of the true 
equations; thus, according to the usual interpretation of ilie |•ea('• 
tion, th© amount of urea decomposed was roughly 31) per cent, 
greater (table III) than indicated by the volume of nitrogen set 
free, whereas in reality the amount of urea diujornposed was niucli 
less than required by the volume of nitrogen evolved. Tlie i/Kira- 
dox, of course, is but a phantom; its e^xistence is just as unreal 
as the usual explanation of the change is incorrect. 

A contemplation of the results just ri^virde!!, and so easily 
demonstrated, makes it almost impossible to believe thaii ilie 
behaviour of urea towards nitrous acid^ has ever beivn seriously 
studied with the object of obtaitring evidmute i:o Hn|>{)ort thc' sup¬ 
posed carbamide^’ formula.’^’ .. 

Whilst the present study of the reaction has su|)plled furl^her 
proof of the cyclic formula, it lia-s also Irrolight to light yet anotlmr 

(NH,d20O;j + 2Njj -f- COa. It was assumed, liuwever, tliat \mn% was 
hydrolysed to ammomum carbonat.e daring the proocBS, apparorUly bo 
dependent of th© reaction with nitrous acid, since tiie propordou of cst'u'bori 
dioxide to nitrogen evolved is shown to b© the aaino m in the iinmU 
equation; probably for this reason, the observation is never irnentioniMl in 
the text-books. 

* Emmerling (A., 1886, 50, 747 ; the original paper in Lemdw, Fer- 
8uchs-^tat,f 1886, 440, was not available) studied the deconipoBition of 
urea by nitrous acid in the presence of nitric acid and a(,*etio acid 
respectively, both in cold and in hot solutions. The volume of nitrograi 
evolved was found never to bo equal to the theoretical, but no appauuit 
attempt was made to offer any ©Kplanation of the resulta. 
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of tlie many fallacies wliicli abound tbrougliout tlie diemistry of 
urea. 

Tile origin of these is not far to seek. 

Instead of a oarefiil study of the properties and reactions of 
urea being made the groundwork for solving the problem of its 
constitution^ an almost infallible belief in the truth of the carb¬ 
amide formula has all along been the predominant factor in deter¬ 
mining what these properties and reactions should be. 

Secondary changes, seemingly unimportant by-products, apparent 
abnormalities in certain reactions, and so forth, have been pushed 
aside as of little consequence so long as the end result could be 
made to fit in with the ^Warbamidestructure. 


Experimental. 

With one exception, all the experiments were made with the aid 
of a Tmnge nitrometer. The specimen of sodium nitrite used for 
the generation of nitrous acid contained 97’18 per cent, of 
NaNOu;* a proportionate weight (71:69) corresponding with the 
theoretical required was used in each case. 


A etion of Nitrous A. aid on Urea in Molecular Froportions of 
Two to One, 

Expt. L —0*03 Gram of pure urea and 0*071 gram of sodium 
nitrite dissolved in 1 c.c. of water were introduced into the nitro- 
ineter over mercitry, and 2 c.c. of W-hydrochloric acid directly 
added. 

Concentration at outset, HNO^^iV/S, CON 2 H 4 ,=iV“/ 6 . The 
reaction was apparently completed within thirty minutes, whilst 
more than ft)ur“fifths of the gas had been evolved after five 
mi'iiutes. In this and all other experiments not less than one 
hour was allowed to elapse before the gas was measured and 
analysed. 

Gas evolved 31*4 c.c. at 18*^ and 766*5 mm. COo==ll c.c., 
NO = 3 c.c., Na = 17*4 c.c. " - 

Volume of nitrogen at N.T.P. = 16*134 c.c., =72*02 per cent, 
of the theoretical, (Theory—22*4 c.c. at N.T.P.) 

Expt //.—As above, but HN 02 =-if/ 6 , A/ 12 . 

Gas evolved = 29*7 c.c, at 16^ and 763*5 mm. COj>=9'55 e.c., 
NO'=2*85 C.C., Ns=17*3 c.c. 

* Estixnatedby the thiourea method (T., 1912,101, 2190, and, Coade'and 
Werner, T„ 1913, lOa, 1221). 
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Volume of nitrogen at N.T.P.^ 16*126 c.c., =71*99 per cent, of 
the theoretical. 

Eaypt, III. —The last experiment was repeated to prove ilio cause 
for the deficiency of the evolved nitrogen. 

After the evolution of gas had ceased, the residual liquid was 
well washed out of the nitrometer. It required for neutralisation, 
using methyl-orange as indicator, 6T c.c. of iV/lO-sodiuni hydr¬ 
oxide. Since 1 c.c. of A-hydrochloric acid was directly neutralised 
in liberating nitrous acid, there should have remained, according 
to the usual equation, free acid equivalent to 10 c.c. of A- /10- 
sodium hydroxide. Hence 10 — 6*1=3*9 c.c, of iY/lO-hydrochlckic 
acid were neutralised by ammonia from the hydrolysis of cyanic 
acid. Now, according to equations (a) and (h) (p. 865), the inaxi- 
inuin amount of acid that could be thereby neutralised would be 
5 c.c. of iV/lO-hydrochloric acid, therefore 78 per cent, of the 
theoretical proportion of cyanic acid was hydrolysed, or so much 
of its nitrogen was fixed as ammonium chloride. The remainder 
of its nitrogen, namely, 22 per cent., was set free (equation c), 
together with that from urea, in accordance with equation (a). 

Since all the urea was decomposed with the liberation of half 
of its nitrogen, we have 50 + 22 = 72 per cent, of the total nitrogen 
set free, which was in complete agreement with the result obtained 
from Expt. II. 

As the results with urea and nitrous acid (1:2) at lower eon- 
centrations (table III) were obtained in a manner similar to tlie 
above, further details are unnecessary. 


of Nifrom Add on Urea (2:1) io Tiro Eiaijrr, 

Expt. IV. Firnf ''0*06 Grain of urea iiml 0*071 gnun of 

-sodium nitrite were <lissolved in 4 c.c. of water, and 2 of' 
iY-hydrochloric acid directly added. 

Concentration, 

Gas evolved = 37*5 c.c. at 18^ and 763 mm, c.c., 

NO = 1*6 c.c., Na=22’2 c.c. " ' 

Volume of nitrogen at N.T.P. = 20*49 c.c., =91*46' per cent, of 
the theoretical. 

Second Stage .—The gas having been expelled from the nitro¬ 
meter (from a repeated experiment), 0*071 gram of sodium nitrite 
dissolved in 1 c.c, of water was added, and then 1 c.c. of A^'^bydro-- 
chloric acid. The evolution of gas was very much slower than in 
the first stage, and five hours were allowed for tlie completion of 
the reaction. 
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Gas evolv€cW2r)‘3 c.c. at- 18^ and 7G9*3 inni. 00^ = 10*25 c.c.^ 
NO = 2*35 C.C., N. = 12-7 €.c. ^ , 

Volume of nitrogen at N.T.P. = 11*82 c.c. = 52*76 per cent, of 
tile tlieoretical. 

All analysis of tlie residual solution after tlie first stage sliowed 
that 7*15 c.c, of iY/lO-liydrockloric acid liad been iieutraliaedj 
equivalent to 71*5 per cent, of cyanic acid hydrolysed, therefore 
28*5 per cent, of the evolved nitrogen was the result of the reaction 
between nitrous acid and cyanic acid (equation c); hence 
91*46 — 28*5 = 62*96 per cent, of the urea present was decomposed 
in this stage. 

Therefore only 37*04 per cent, of urea remained to be attacked 
by nitrous acid in the second stage, and since 52*76 per cent, of 
nitrogen was evolved, it follows that 52*76 — 37*04 = 15*72 per cent, 
of the nitrogen set free in this stage was due to the above reaction 
(equation c), 

A comparison of the results from the tv/o stages is not without 
interest. 


First stage. 
Per cent. 


Urea decomposed . s=: 62*96 

HNCO hydrolysed . =:7h50 

HNCO decomposed by HNO^ ... ==28*50 


Second stage. 
Per cent. 
37*04 
57*00 
42*40 


( 00 .^ = 30.5 

Composition of evolved gas. |N.ji =59*2 

Eatio CO. : 1 ; 1*02 


40*5 

50*1 

9*3 

1 : 1*23 


Since nitrous acid was in considerable excess in the second stage 
(which should not be the case, according to the usual equation), 
the proportion of cyanic acid attacked by it to cyanic acid hydro¬ 
lysed was much greater than in the first stage. 

I)eeomiyodti()n of Urea hy Oae Molecular F7'02}oriion of 
Nitrous Acid, 

Tn order to' illustrate how the i*esults given under table I were 
o]>tained, it will be sufficient to state the details of the most success¬ 
ful experiment. 

Nxypt. V.' —0*12 Gram of urea was dissolved in 3 c.c. of Adiydro- 
chloric acid, and the solution introduced into the nitrometer; 0*071 
gram of sodium nitrite dissolved in 2 c.c. of water was placed in the 
cup (previously rinsed) of the nitrometer, and added gradually in 
four separate portions to the urea solution. The reaction, which 
was hastened by shaking to ensure rapid mixing, was ,all 0 W^''to; 
complete itself before each addition of the sodium nitrite, : i;,! 

VOL, OXI. 
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Gas evolved (after one iioiir)“44*i2 c.c. at 18° and 766‘4 mm.; 
CO. = 19“6 c.c. ; KO=rO*6 c.c.; N2-24*0 c.c. 

Volume of nitrogen at N.T.P. :=22'252 c.c. = 99*34 per cent, of 
tlie tlieoretical. 

Tlie residual solution from a similar experiment required 10'05 c.c. 
of iY/10~sodiuiii hydroxide for neutralisation. 

Hence 20 (2 e.c. of V-liydroeliloric acid originally free) —10*05 = 
9*95 c.e. of .V/l 0 -]i 3 nlrocliloric acid were neutralised as the resiilt of 
cyanic acid hydrolysis, whicli was therefore almost complete. There¬ 
fore the amount of urea actually decomposed was 99*34--0*5 = 
98*84 ]3er cent, of the tlieoretical, only 0*5 per cent, of the evolved 
nitrogen being derived from cyanic acid. 

Therefore one molecule of urea was decomposed by one inoleciile 
of nitrous acid. 


Isolation of Cyanic Acid^ as the Silver Salt, from the lnteraatio‘?i 
of Urea and Nitrous Acid, 

Expt. VI, —0*6 Gram of urea and 0*71 gram of sodium nitritei 
were, dissolved in 40 c.c. of ice-cold water and to the solution T7 
grams of silver nitrate previously dissolved in 5 c.c. of water and 
5 c.c. of V-nitric acid were added. As the pale cream-coloured pre¬ 
cipitate of silver nitrite, wiiicli was immediately formed, gradually 
disappeared, it was replaced by a snow-white precipitate of silver 
cyanate. 

Diixing the progress of the reaction, further 5 c.c. of A-nitric acid 
were added. After an hour the precipitate was collected, washed, 
and dried. It gave none of the reactions for nitrous acid, and 
contained Ag = 71*84 per cent. (AgOCH requires Ag = 72 per cent.); 
on adding a few drops of sulphuric acid to the dry salt the character¬ 
istic pungent odour of cyanic acid was evolved. 

The weight of silver cyanate obtained was 0*63 gram, whicli was 
equal to 42 per cent, of the theoretical for equation {d). 

The Interaction of Cyanic Acid> and Nitrous Acid. 

As this change does not appear to have been hitherto examined, 
the following experiments were made in order to 'prove the validity 
of equation (c) already given. 

Ex'pt, VII.—0*081 Gram of pure potassium cyanate and 0*071 
gram of sodium nitrite were dissolved in 2 c.c. of water and intro¬ 
duced into the nitrometer; 3 c.c. of A'-hydrocliloric acid were added, 
that is, 1 c.c. of acid in excess, to coiintei'act the neutralising effects i 
of diydrolysis.' '' ' ' 

'Concentration at outset, and HNCO = A/6. 
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The evolution of gas was very rapnl^ aiul i-h© reaction was practi¬ 
cally completed live niinutes. 

G-as evolved after one hour™34*3 c.c. a,t IG^'^ and 757*8 mm.; 
COo-P19*l C.C.; NO-3*6 C.C,; N.-ING c.c. 

Volume of nitrogen at N.T.P.,—10*72 c.c. ™ 47*8 per cent, of the 
theoretical. Therefore 52*2 per cent, of cyanic acid had been hydro¬ 
lysed. 

AtrpA VU’L —Idle above experiment was repeated. The residual 
solution required for neutralisation 8*5 c.c. of iY/10-sodiiun liyclr- 
oxide, instead of 4*78 c.c. as required by the gasoinetric analysis. 
The apparent discrepancy was easily explained when the above 
results were considered. The volume of nitric oxide evolved (3*33 c.c. 
at N.T.P.) represents a decomposition of 22*3 per cent, of nitrous 
acid, with the generation of nitric acid equivalent to 0*74 c.c. of 
xV/l()”Sodium liydroxide, whilst the proportion of cyanic hydrolysed 
showed that free nitrous acid remained equivalent to 3 c.c. of 
iV/ 10-sodium hydroxide. Hence 4*78 0*74 -h 3*0 =■■ 8*52 c.c. of 
iV/lO-sodiuin hydroxide were required, which, is in complete agree¬ 
ment with the value actually found. The presence of unchanged 
nitrous acid in the residual liquid was easily proved. 

Tlierefore the reaction between cyanic acid and nitrous acid takes 
place theoretically between equal molecular proportions, but at a 
concentration of N tiie velocity of hydrolysis of cyanic acid is 
sliglitly liigher than that of the- primary change. 

The Behatrioar of Urea towards Ftire Nitrous Acid alone or in 
the Presence of Acetic Acid. 

Bxpt. /X.—-0*03 Gram of urea and 0*071 gram of sodium nitrite 
were diS'Solved in 2 c.c. of water and 2 c.c. of X-acetic acid were 
added. Concentration of HN02=iV/4. 

There w'as no preceptible evolution of gas until after a consider¬ 
able time; thus, after twenty-four hours 7*4 c.c. had been evolved 
and at the end of ninety-six hours, when the exi>erii:nent was 
stopped, the volume of the evolved gas was = 12*6 c.c. at 13^ and 
758 mm. The volume of nitrogen at N.T.P. was = 6*56 c.c., and 
the original gas contained 9*5 per cent, of nitric oxide. 

The slow action was primarily brought about as a result of the 
gradual decomposition of nitrous acid, whereby urea nitrate was 
slowly generated. E-Ey and his co-workers (loe. cU.) have shown 
that even at 0*^ the most concentrated solution of nitrous acid, 
stable-for, only a short time, was approximately X/S’S. 

Mmpt. X.—The same proportions of urea and sodium mitrite as 
before were dissolved in 29 c.c. of water, and 1 c.c, of X-acetic acid 
was added. Concentration of HNOg^X/BO. 

' ■ - 2 ' 
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After remaining for tliree days in the nitrometer,, the volume 
of gas evolved was 0‘8 c.c. Yet when 2 c.e. of A-hydrocliloric acid 
were added, a fairly brisk reaction was quickly promoted, and even 
at this low conceiitration was almost completed at the end of half 
an hour. 

Bum.maTy, 

(1) Urea is not attacked hy pure nitrous acid alone, or even 
when a second very w^eak acid is jmesent, 

(2) When a salt of urea is produced, by the presence of a 
siifEciently strong acid, it is immediately attacked by nitrous acid, 
because an amino-group is thereby presented for such attack. 

(3) One molecule of urea (as a salt) requires but one molecule 
of nitrous acid for its decomposition into nitrogen, cyanic acid, 
and water, since only one amino-group is present. 

(4) Cyanic acid and nitrous acid react in equal molecular pro¬ 
portions, with the production of nitrogen, carbon dioxide, and 
water. 

(5) The usual interpretation of the reaction between urea and 
nitrous acid, which has been hitherto accepted, is incorrect; first, 
because it is in contradiction to the experimental facts, and, 
secondly, because it is based on an erroneous conception of the 
constitution of urea, 

Univeesity Chemical Laboeatoby, 

Teinity College, Dublin. [Bemmd, July 1917.] 


LXXV .—A Theory of the Mechmvism of the FhytO'- 
chemical Synthesis of certain Alkaloids, 

By Bobebt Eobinson, 

Although in recent years, largely owing to the investigations of 
Pictet and liis collaborators, there has been a due recognition of 
the importance of the role played by formaldehyde in the produc¬ 
tion of alkaloids in plants, and although it is generally admitted 
(compare Winterstein and Trier, ‘‘Die Alkaloide,’’’ pp. 263--B17) 
that the amino-acids and carbohydrates are the most probable 
starting points for tlief majority of phytoohemical syntheses, yet 
little progress has been made in ascertaining the nature of these 
prcxj^ses or even in the- less ambitious task of fonimlating possible 
mechanisms based on laboratory analogies. The details of the 
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sclieities wliicli have "been suggested, with but few exceptions, 
involve reactions for which little or no parallel exists in synthetical 
organic chemistry under conditions apprO'ximating to those obtain¬ 
ing ill a. plant. Thus Pictet’s view of the mechanism of the syn¬ 
thesis of nicotine was founded on observations of pyrogenic reac¬ 
tions of pyrrole derivatives, and Winterstein and Trier seek to 
replace this hypothesis by another, according to which the base 
results from the oxidation of a mixture of p 5 n:idine and iY-in ethyl- 
pyrrolidine (foe. cit., p. 298). Similar ideas have been advanced 
by Windaus and Knoop (Beifr. chrm. PJij/sioL Path., 1905, 6, 392) 
to explain the formation of xanthine by the oxidation of a mixture 
of carbamide and methylglyoxaline and of liistidin© by an analo¬ 
gous process applied to glycine and methylglyoxaline. 

There has thus been a tendency to explain the results observed 
by the assumption that plants have at tlieir command enormously 
powerful reagents that are able to cause substances, the properties 
of which have been investigated with considerable care, to undergo 
transformations which cannot be induced in the laboratory. To a 
certain extent, and especially in regard to oxidation and reduction, 
tins must be true, but it is probable that this aspect has been 
exaggerated and that an equally important cause of the variety 
and complexity of syntheses in plants resides in the highly 
reactive nature of the substances which function as intermediate 
products. 

The point of view reached in the present coiiimunication is due 
to a development of ideas which owed their inception to the hypo¬ 
thesis that the synthesis of tropinone recently described (this voL, 
p. 762), on account of its sim 2 >licity, is probably the method em¬ 
ployed by the j;>lant, and confirmation of this theory was sought and 
found in the structures of hygrine and cuschygrine, which stand to 
on© anotlier in the same relation as styryl methyl ketone (benzyl- 
ideneacetoiie) to distyryl ketone (dibenzylideneacetone). Having 
found it desirable to proceed from ornithine in order tO' reach the 
bases of the pyrrolidine group, it was obviously interesting to 
inquire as to whether similar methods aj3plied to the liomologoiis 
lysine would lead to naturally occurring piperidine compounds. 
This proved to be the case, and the investigation was then extended 
to include the more important of the alkaloids the constitutions of 
which have been detei^mined. In the schemes given in the sequel, 
linking of carbon to carbon is traced to two processes only, namely, 
the aldol condensation and the very similar condensation of 
oarbiiiohamiiies, resulting from the combination of an aldehyde or 
ketone, and aminniua or an' amine, and containing the group 
*C(OH)*N% with substances containing the group *CH*CO*. 

The latter reaction has been investigated chiefly in connexion 
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with cotaruiiie aiid similar pseudo-bases, atid the production of 
aiiliydrocotariiiiieacetone (I) may be cited as a typical example: 


98b:«Os- 


--CH-OH 


CHj-OHj-NMe 


+ CHj-CO-OHj 


CjHjOj—Cn-CHj-CO-OHg 

6H2-CH3*NMe 

(I.) 


The condensing agent emx>Ioyed by Lieberinaiin and Ki'opf {Ber,, 
■19045 37, 211) ill this case is unnecessary, and the reaction proceeds 
to conipletion in acpieO'iis solution and at the ordinary temperature, 
[n fact, these ]>seudo-bases are substances which enter into a 
variety of condensations with the greatest facility, and a large 
number of substances have- been prepared in this way, anri in most 
cases in good yield. 

Employing these admissible methods it is possible in eacli 
iustance to obtain the alkaloid skeleton, and tlie^ further modificar 
ticnis are usually made by means of oxidations or reductions and by 
eliinmation of water with the formation of an aromatic nucleus or 
occasionally of an ethylene derivative. The more important start¬ 
ing points employed are ammonia and formaldehyde, ornithine 
(arginine) and lysine and degradation products of carbohydrates. 
Of the latter, citric acid is suggested as the source of acetone 
residues which it supplies in the form of acetoiiedicarboxylic acid 
as the result of oxidation. Seekamp has observed the formation 
of acetone (Amialeji-, 1893, 278, 374) by the photochemical decom¬ 
position of a 5 per cent, aqueous solution of citric acid containing 
1 per cent, of uranium oxide, and it can scarcely be doubted t]iat 
the clicarboxylic acid was an intermediate product. The author 
does not, however, wdsli to emphasise unduly this theory of the 
source of the acetone residues, and it is interesting to note tliat 
Lippmann (Ber,, 1893, 26, 3057) found that acetoiiedicarboxylic 
acid was obtained during the spontaneous decompoBition of calcium 
trisaccharate. Further, a reactive acetone derivative may be foumi, 
ill diacetylacetone or other 'polyketen/ the formation of which in 
plants has been discussed by Collie (T., 1893, 63, 329; 1907, 91, 
1806), and in that case the acetyl groups would be removed by 
hydrolysis subsequent to the condensations. However, the occur¬ 
rence of the carboxyl group in ecgonine suggests that in the. 
synthesis of cocaine it is a carboxylated acetone derivative' which 
is the forerunner of the alkaloid. Except in the cases of hygrine 
and tropinone, the carboxyl groups have been omitted from the 
acetone rests for the sak©' of simplicity in representation,. As a 
starting point for both qitinoline and woquinoline bases, it has been 
found convenient to assume the intervention of acetylglycoll- 
/ aldehyde (II), or A^-biitene-a^-diol-y-one, a substance which has not 
yet been isolateci It may readily bo derived from a pentose or 
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inethylpeiitose by loss of water and oxidation, as shown below, and 
it is perhaps significant that a methylpentos©, qniiiovose, occurs in 
a state of combination as qninovin in cinchona-bark. 


OH-GBr2-CH(OH)-CH(OH)-OH(OH)-CHO 

OH3-OH(OH)-CH(OH)'CH(OH)-CPl(OH)-OnO 

Oxiilation 

Ce3“CO*OH(OH)*CH(OH)-CHO 


OH/CO-OH(OH)*CHO CHg-00‘0(0H):CH*0H 
( 11 .) 


Th c Pi/rro!idiu e Gro up. 

11 iiciw recently been demonstrated by Hess {Ber., 1913, 46, 
di04'^") that the methyiation of an amine with the aid of form¬ 
aldehyde is accompanied by oxidation, amino-alcohols yielding 
methylaniinoketoiies. The methylating and oxidising action of 
formaldehyde on ornithine might therefor© yield a carbinohamin© 
of the pyrrolidine series in accordance with the equation 

NEMe-CHa-CHsi-CHO -> +NH3 + OO2. 

Naturally, the possibility is not excluded that the oxidation of 
the amino-acid f is preceded by the formation of a hydroxy-acidj 
and ammonia and alcohols maq<in all cases be intermediate between 
amines and the aldehydes obtained by oxidation. 

Further oxidation accompanying methyiation might attack both 

Ill which a comploto list of references to earlier work by Escliweilor and 
otiliors will bo found, 

t Dakin {J. Biol. Ohein.y 1905, 1, 171) has applied Fenton’s method 
of oxidation by means of hydrogen peroxide and a trace of ferrous sulphate 
•to the ammonium salts of the amino-acids, and has obtained aldehydes, 
ammonia, and carbon, dioxide. Hartley and Wootton (T,, 1911, 99, 288) 
find that alloxan effects the same change which had already been observed 
in the particular instances of the conversion of alanine into acetaldehyde 
and of leucine into Movalcraldohyde by Strecker {ibmaUnf 1862, 123, 
353). 

Quito .recently Schweitsser ( Btoehem. Zeitsck. ,1916,78,3'7) has shown that th© 
tyrosinase from potatoes can oxidise glycine with the formation 'of form¬ 
aldehyde, carbon, dioxide, and ammonia. The leaotion takes place in the 
presence of an alkali, preferably calcium hydroxide, and appears to be 
accelerated by chlorophyll. ' 
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ends of the molecule, with the production of succiui.lialdchyde ■" 
and methylainiiie, as shown below: 

NH2-CH2-CH2-CH2-CH(NH5)'C02H + 2 CH 2 O = 

CHO-CH2-CH,-CHo[ -> ^g^p®jQ®j>NMe] + 2NH,Mo + CO,. 

After eoiideiisatioii witli acetonedicarboxylic acid and eliinina- 
tioii of carbon dioxide, bygrine (III), cnscliygriiie (IV), and 
tropinoiie (V) are obtained. The synthesis of the latter base (this 
voL, p. 76‘2) by means of the reaction here assumed to occur in 
nature was accomplished in dilute aqueous solution at the ordinary 
temperature. Willstatter (Ber.^ 1900 , S3, 1161) has already given 
I'easons for supposing that the synthesis of atropine and its con¬ 
geners and of cocaine is preceded by that of tropiiione, and it is 
now possible to add that the carboxyl of cocaine f is the result of 
partial decomposition of tropinonedicarboxylic acid, possibly 
occasioned by the formation of the methyl ester or of an acid salt. 
In the latter case, the process resembles that which Bandrowski 
employed for the preparation of propiolic acid from acetylenedi- 
carboxylic acid {Ber,, 1880 , 13, 2340 ). The question of the 
synthesis of benzoic and tropic acids is not examined here, since 
there is no evidence from accompanying hydroaromatic compounds 
as to how these may be derived from the carbohydrates. 


* Succindialdehyde would be more readily obtained from a diaminoadipio 
acid which does not, however, appear to have been isolated. 

f The simplest siibstance produced on the cocaine model is probably 
arecoline, a comparison of the formula of which with that of cocaine shows 
that the only divergences, which it is neccrfjsary to postulate in the synthesis 
of the former from that of the latter, are riie employment of two molecules 
of formaldehyde instead of one of succindialdehyde and loss of water instead 
of benzoylation. 




NMe*0 


Trigonelline. 


Arecoline, also closely resembles a hypothetical intermediate in tbe 
synthesis of nicotine. If it is oxidised, as was assumed for that more 
complex tetrahydropyridine, ■ then the betaine trigonelline would bo 
obtained. 
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NMe 

/\ 

CI-I„ CH-OK 

I ^ I, 


00^ H 

CH.yCO'CHa-OOaH 


FMe 


CO,H 

CHj OH-CH-CO-CHj-COaH 

chI-6h„ 

(VI.) 


NMe 

/\ 

CHg CHCHj-COMe 

OHs-'CHg 

(IIT.j 


NMe 

/\ 

CH„ CH-OH 

6h“--ch., 


,/■ 

CH„ 

! 

0H„ 


NMe 


COjH CO,H 
CH„‘C0'6 h„ 


NMe 


NMe 

/\ 

HO-CH CH., 




NMe 

/\ 


chI--ch 


•OH-OH CHi,-CO,^H 


CH,, OH-CH./CO-GII./CH CHT, 


I +2C0„ + 3H,0 

OH-OH. ® ^ 


(TV.) 

CH~CH-CO.,H 


/ 
oil. 

OO -> I 'NMe CO 

vih ■ 


.CH-CH. 

OH, 


HJH-OH 


Ecgonine 

j 


OH. 

\ 


NMe CO 


()H,-CO„H '\gHT~CH'CO„H 'N<3H~CH„ 




(V.) 

j Redttctfott 


/ 

0% 


.0H-0H-00,K(Me) ' 4 ' 

I I 2 Tropiae ,/,-Trop: 


Benzoyl ecgonine | NMe CO 


(Jociiine 


OHq 


HyoBcyaniine, Tropa- 
atropine, etc. cocaine. 


OH-GH, 


T.lie condensation product (VI), wliicli forms tlie sonrcfe of 
iiygrine, may also be tlie progenitor of nicotine (VIII), and tbe 
reactions necessary involve condensation witli formaldeliyd© and 
ammonia to a piperidone (VII) containing the nicotine skeleton, 
after wMch there are alternative ways of expressing the remaining 
stages. 
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(JOgH^CII. IJH' 


00 co,ii mu 

“ /X 

CH CH, 


i 


I 


0H,0 CH,0 m-0E2 


NH, 


(VL) 


GO 


NMe 


CBo OS—GH CH^ 

OIL 6 So cii~chC 

\/ 

NH 

(VII.) 


GHOH 


Reiluction 


ca, CH" 

I " ! 


~IU0 


NM.) 

y\ 

/ CH CH 

00 6h2--ch„ 

N 

(vm.) 




Oxida* 

— 

tkm 


CH 

/\ 

CH. C— 

I " ! 


The Piperidine Group. 


^Starting from lysine (IX) and proceeding as illustrated above 
ill tlie case of tlie lower liomologne ornitliinej the formation of tlie 
bases X and XI would be anticipated. Tbe latter is tbe alkaloid 
i^^-pelletieriiie, isolated by Ciamician and Silber and by Picciiiini 
from tlie rootdjark of tbe pomegranate tree, and since tropinoiie has 
not yet been obtained from natural sources, tlie occurrence of-its 
ring liomologiie is particularly valuable evidence. The base X 
has been synthesised by Hess, Merck, and Uibrig (Per., 1915, 48, 
1886), and later identified by Hess and Eicliel (IJer., 1917, 50, 
380) with a metliylpelletierine occurring in small relative amoruit 
in the alkaloids of the pomegranate tree. 


NHy0Hs^0HyC%CeyCH(XH2)‘002H 

(IX.) 


CH^—CH-CHa 

GH, tMe (JO 

1*1 I 

GH„—UH-OH, 

(XI.) 


GH^ 

cO'' 


Oil, 


6h, CH-CII..-GOMe 


\V 

NMe 


(X.) 


„ * Clearly the source through oadaverine of the .pip^ddine rest which 
appete ih'piperine* ^ ' 
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Tlie frequent concurrence of closely related alkaloids, siicli as 
file ])elletierioes or coniine and its associates, is proliably to- be 
explained by variations of some primary product due to alternate 
hydration and dehydration or by oxidation and reduction. In 
this coniioxioii, a highly significant discovery has been reported by 
Hess^ Eicliel, and Uibrig {Ber., 1917, 50, 351), who find that the 
reaction between aniino-alcoliols and formaldehyde is reversible. 
The methylaminoketoiie (X), for example, is decomposed in 
alcoholic solution by semicarbazide acetate, with the formation of 
the demethylated amino-alcoliol (XII) and formaldehydesemi- 


Oil, 

/\' 
(X.) 


' CH,, CH-C!H,,C!H(0H)-CH3 

(XII.) 


\/ 

Nil 


CH^ 

CH., 

CH„ CH-CH„-CH.,-GH„ 

\/ 


NH 


(XTIT.) 


OH, 

/\ 

CH., CH„ 

OH, ch-cic-cth-ch. 


'2 

\/' 
NMo 


CH., 

pH, CH, 

llH, GH-CHX'H-CH, 

\/ 

NH 


CH, 

/\ 


(XIV.) 


OH, 

CH, 0H'0H(0I1)-CH,-CH3 


\/ 

Nil 


(XV.) 


CH, 

C^"^CH, 

OH, c:oh-ch,-ch3 
^NH 


CH, 

/\" 

CH, OH 

Ah, C-CHj-CHa-OH, 

(XVI.) 


* The imino-ketono pelletieriue, containing one reactive methyleno-group 
(Hess and Eiohel, Zoo. cit.), has not yet been,completely investigated, but, on 
the evidence so far recorded, and from analogy it should be the ketone 
corresponding with conhydrine or, more probably, the 3-piperidone obtained 
by addition of water to oonioeine followed by oxidation, In either case it 
will fit into the lysine-acetone scheme. 

M M* 2 
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carbazoiie. This siigg’esls not onl\^ iluit oxiclaJ.loti accDiiipaiiieH 
iT-niethylatioii and (Fiii(.4h3da'(.h>n, hut also ih;U; redurt/ioii is 
associated with. iT-cl€niet}iy,latio,n. Couiino .^^-irieihyh 

coniine (XIV), coiiliydiTU© (XV), and coiriceiue. (X,'V1) re])resciii 
on tills view inodifications of the amiuo-'alcohol (XTl), and t.liereFore 
of the normal product (X), from .lysine, fornialdehyi'le, and a, 
reactive acetone derivative. 

Ill the above, and also in some of the sections wliich follow, the 
reduction of alkylamines has been assumed, and it :may be pointed 
out that there is evidence that these substances are reducible, the 
reaction probably depending on the iatermedial.e formation of an 
iinsaturated or cyclic ammoniirni hydroxide. 


The QuinudkUne (Ironih 

C'o.ud6usatioiis between formaldehyde, ammonia, and a reactive 
acetone derivative, such- as acetonedicarboxylic acid, can explain 
in an astonishingly simple manner the formation of alkaloids con¬ 
taining the curious quimiclidine ring system. Ammonia, three 
molecules of formalcieliycle, and the acetone derivative lead to the 
formation of the piperidone (XVII), two molecules of which enter 
another molecule of acetone derivative, producing XVIII. This, 
owing to the stability of the ring Bysteiii produced, undergoes 
internal aldol condensation, and complete redin*iif>n then results in 
sparteine (XIX). 


CO 

CO 


/\ 

/\ 


CHj CH,-CO.jH 



CH„0 0H„0 

OH, OH,. ' 


* . ^ 1 , 

\/ 


NH, 

N 


CHgO 

Otfj-OH 

(XVTI.) 



\ 

o 

o 

CO 


■ / 1 

1 \ 


CHj OHj CHj-CO'OH^ CH^ OH. 


CHj OH. CH„ 

CH.CHj OH, 


\ V 

\i/ 


(XVIII.) 
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OH, OH, OH, 


OH, OH, OH, 


OH, OH, OH, 

M/-' 


(xixo 


OHo OH ^ch-go-ch; 


OHj CHg CHg CHg OHs 


Sparteine thus appears as the reduction product of a substance 
obtained by condensation along normal lines of three molecules of 
an acetone derivative with, six of formaldehyde and two of 
ammonia. In the presence of an excess of the acetone derivative, 
or with such a substance containing only one highly reactive 
methylene group, for example, acetoacetic acid, the reaction with 
formaldehyde and ammonia might take a different course, resulting 
in the formation of the diketone (XX), and this is believed to be 

(XX.) 

yCO 

/ I 

CHg CH, OH„-CO'OH, 

I I 

OH(OH>OHO CH, OH, 

[M.eO]/ 'I NH 

(XXI.) 


CH„ CH, CH,-CO-CH„ 


[MeO]f 


CH(OH)-aH CH, OH, 

A 


(XXII.) t 



886 EOiUI?'SON: A aUltSOE'A' TilE MfiOHANISAi; OF THE 


OH 
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CHg OHo OWCE{()liyiMl, 


[MeO], 


CH(OH.)*Cj|I OHo OHo 
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/' 
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OHj (JH, (JR-OO-CH, 
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af[(OH)-(iH OR, (;Wj 
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CH(OH)-OH CHg CHj 
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/i I 

OH^ CHj OHj 


C(OR)-C(OH)*C,H,, 


(JH„(1R., (JR, 


</)-CH(OH)-CH (JHj OH^ ^CH(OH)'CH Cllj CH, 


\ 

N 

(XXII. 
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OH-C(OH)-CH., 
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\l/' 



-HgO 
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/ : 

CHa CHj, CH.a 
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C(0H)-0H*CH8 

/I I 

OHg (JHa OHg 


111 or I I 

<^-CH(OH)*OH, CHg OH2 ■ CH^ dlig 


\L/ 

■ N 


\ 


\i 

N 


/ 


/ 
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tlio origin of ciuclioiiiiie and qiiiniiio. Tlio qniiioliiie clerivatave 
(XXI) enters ilie irioleciile in tlie maimer assumed tiiroiighoiifcj that 
i% by a carbiiiol-amino condensationj n,nd the remainder of the 
reactions are of the type already formulated in the case of sparteine. 
An alternative for the later stages is presented in the sclieine 
which is given below. It is possible that reduction of the diketone 
(XXII) produces^ first, an internal pinacone (compare Kipping 
and Perkin, T., 1891, 59, 214), which, after further reduction, 
undergoes a transformation of the ring system accompanied by 
elimination of water. 

AVith regard to the genesis of the quinoline derivatives required 
for cinchonine and quinine, it is natural to seek an explanation 
from the coiistitiition of quiiiic acid (XXIII), which accompanies 
these alkaloids in the plant and is readily converted into quiiiol 
derivatives. The coincidence that quinine is also, in a sense, a 
derivative of ^/-aminophenol strengthens the coiivici.ion that quiiiic 
acid is the source of the quinoline half of the molecule. In any 
ca,se, it would seem necessary that the acid should become oxidised 
to iihe ketone (XXIY), so as to provide the six-carbon system and 
jidmit the entry of the nitrogen atom. ,Further, a reactive 


OH(OH)»CHO 


OIK) 11 

/\ 

\ 

OH-OH CJH„ 


GH-OI] 

/\ 
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GJl-OH OIL 


(iU, 
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G(011)-002H oh 2 
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GH-Oll 
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ce(OH}<?iio 


G,B(OIi>OHO 


Cl-I 

/X 
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CH’OH C 
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'OH 


OH 


/ 

CH 


/x / 




-HaO 


4- 

OH(OH)'CHO 


N 
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HO-CK/OCH 


CH., +cn..n 


/ 
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CH 


X, 

C CH 

I I 

0 OH, 

/ ^ 


OH N 
I 

■ -lOo 


4 

OH{OH)'CHO 


MeOr 


\/\/ 


iiietliylene grou]> is so produced, ouabling tlie occurreiic© of the 
condensation which closes the quinoline ring. This process is 
formulated below, and the heterocyclic iiucleris is obtained ])y a 
reaction similar to that by means of which quinaldine may be 
synthesised from o-ainiiiobenzaldehyde and acetone. 

Til the majority of the complex examples discussed, it is obvioius 
that the order in which the reactions may be supposed to occur 
can be considerably varied without fundamentally altering tlio 
character of the suggested processes, and in the case of quinine 
there are several plausible variations of this kind, the most 
important of which is perhaps that the quinoline ring may be 
closed immediately after the appearance of an acetyl group in a 
modified carbohydrate, such as quinovose,' and the product must 
then suffer further degradation by oxidation of the side-chain. 

The isoQmnoUne Group 

In the discussion of this large and important group, it will clear 
the ground to construct, in the first place, a table which it is con¬ 
sidered represents the genetic relationships of the' more important 
iiiembers. 
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C'iH'bohydviite degradation products + ammonia 

i 

Jlydroaromatic base (HB) —> Hydroaroinatic aldeliyde (HA) 

t I 

Aromatic base (AB) —^ Aromatic aklelmle (AA) 


(HB + HA-^HsO) 



Morphine Bulboeapniae /^oTbebaine 

Codeine Oorytuberine, etc. 

N^Thebaine 

(HB + AA^H,0) 

i 

Gilaucine, dicentrine 


Norcoiydaline 

I 

Corydaline 


(PlB + OH jO) —> Pyrogallol derivative + AA - H^O 

A 

Nareotino, narceine. 

[1(AB + HA) —> Ilydrastine, norcanadinej etc.^ corydaline.] 

A. The MydroaromaUc base (XXV) and Aldehyde (XXVI).— 
The cine to the nature of the hydroaroinatic substances from which 
tlie 4“oqnuiolme bases are derived is given by the constitution of 
morphine, and it is regrettable that general agreement on this 
subject lias not yet been reached. However, it is only tlie 
“Pschorr formula’’ which it has been found possible to dissect 
ill such a manner as to show a relation with the other opium 
alkaloids, ■ and this formula has been adopted especially since the 
fornmlse which it is suggested should replace it cannot without 
hesitation be accepted as superior expressions of the properties of 
the substance. By working back from morphine, a scheme' for 
the synthesis of the ^soquinoline alkaloids by means of aldol con¬ 
densations has been deduced, and the preii'minary stages, starting 


(AB + AA-~HyO) 

I 

t. 

Norlaudanosine —>» Laiidanine, laudanosine, 
j papaverine, xanib aline, 

4' hydrastine 

Xorcanadine 


Oanadine, berberine, protopine, cryptopine. 
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from airiiiioiiia.j forinaldelxy<le/’‘‘ a reactive acoioHe defiva;i'jve, and 
acetylglycolia.lcleli37'(1e, are Topresented below. 
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^yCH,'CII,-NH, 
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* In all cases where formaldehyde is supposed to enter into a carbinol- 
amiae condensation it is clearly equivalent to assume the intervention of 
glyoxylio acid or even of an aldehyde, K'OHO, in which the group R is 
readily oxidisable to carboxyl after the condensation. 

{a) ^CO-CHg + OHsO + HHg‘CO-GHa-CH/NH.. 

t 

(b) •OO-CHj + OHO-COgH+XHj -> •CO-0H2-OH(NH2)-CO2n. 

f 

(c) ■OO-CHs + OHO-OHs-OH (e.^.) +NH 3 -> 

•C0-CH2-0H(NH2)-CH2-0H 

' /The amino-acids formed in such reactions must be «-ainino-aeids, and the 
elimination of carbon dioxide will therefore always be explicable. The 
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B. Forniatioih of the. AromaHe Coinpounds ,—Simple cleliydra- 
tion of XXV and XXVI leads tO' 3:4-diliydroxyplienyletliyl- 
aiiiiiie (XXVII) and 3 :4-dil}.ydroxyplienylacetaldeliyde (XXVIII)^ 
and attention is directed to the peculiarity of tlie coiistitiition of 
tlie hydroaromatic substances, wliicli renders it extremely ■ improb¬ 
able tliat an orientation in the benzene derivatives other than that 
observed could result from the process. Oxidation of XXV 
would, however, produce a pyrogallol derivative, and this oxida¬ 
tion might be the result of methyienation of the two adjacent 
hydroxyl groups preventing the removal of oxygen from the ring. 
The dihydrohenzene so obtained would then be oxidised to 
XXIX. 

CO 

/\ 

X>CE CH 


OH 


(XXV.) “fv 


- H..0 


OB. 


CH.<o| pCB.«CB.*XfiMo 
\/ “ 

(XXIX.) 


C, Blahoraiion of the Moi^idiine Suh-groU'p ,—-The hydro- 
aromatic aldehyde (XXVI) condenses with the hydro aromatic 
base (XXV), producing XXX, XXXI, and XXXII by a 
cnrbinol-amine condensation, an hiternal aldol condensation, and 
by elimination of water. At this stage', in order tO' obtain mor¬ 
phine it is necessary to assume the only reduction which is encoun¬ 
tered in the whole group. The hydroxyl group marked (a) is in a 
position with respect to the nitrogen atom which renders plausible 

syntheses of histidine, tryptophane, and tyrosine probably involvo reactions 
of tins type. In the case of histidine the complete representation would be 
the following: 


H[C 03 ]OHO 


NII 3 Clio 

NH3 io-cifj 


NH 3 

CHO-COaH 

N—+[ 003 ] 

^NH-C-0H3-CH(NH5)-C03H +4H3O 


In general, the group *00‘CHg becomes •C0’CH2*0H(N[Ii2)'C02H, and the 
carbonyl group can then take part in aldol condensations leading to cyclic 
structures, whilst the carboxyl group may be eliminated or the amino-acid be 
oxidised to an aldehyde. The' adoption of such a view in the case of the 
forerunner of the Mo^uinoline alkaloids is favoured by the author, but the 
simpler suggestion is retained in the text in order to avoid undue complexity 
of the formula* 
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CE^Oli 


CO ciooh; 

CUo CH. (XXVI.) 

\/ “ 

C’OH 
! 


CO 


CH^ 

GHO 


Ho-CH cii. me 

HO-CII C-OH ChI 


Oie CH, 

itXYO 


H0/\ 

I \CH., 

I I 

O-OH UH 

/ \ / \ 

HO-CH OH NH 

HO-CH (>OHi<.)6h„ 

\ / \/ ■ 
Oil., CHj 
(XXXIT.) 


Ho/\ 

™U\ 

I * 

•OH OH 

HO-PH^ (^\Me 
OH OH, 
\/ 


HO-CH 

\/ 


Carliinol-ainiin? 

coiidcHsation 




~2H..O 


-2H.^ 


OH, OH, 


Oil-OH 

/\ 

Ho-oir OIL 

00 6-OH 

OHj OH 
00 


,-•2 

OH 


-> 


HO-CH OH NH 
ho-6h 6-OHCH., 

\/\/ 

OH, OH, 
(XXX'.) 


CH-OH 

HO-Oh\!H,j 

00 G-OH 

\/ \ 

OH OH, 

6-oh oh' 

/\/ \ 

HO-CH (pH ^H 

HO-CH (J-OH (JH, 

\/\ / 

CU, CH 3 

(XXXf.) 


Ho/'''^! 

<3 OH 

\/\/\ 

OH (J NMe 

HO-C)H OH OH, 


CH 2 OH, 
(XXXIIl.) ' 
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tbo assiuiiption of tlie formation of a, cyclic ainmoiiiiim liydroxide 
and after the- reduction iiiorpliine' (XXXIII) is obtained by 
if-nietliylatioii and elimination of two' molecules of water. 
O-Metliylatioiiy in addition, provides codeine, and tliebaiii© is the 
result of still fiirtlier nietliylation, accompanied by loss of two 
atoms of hydrogen, 

I). The- Aratiuelic. l^henanihreiie Suh-'f/roup .—The compound 
XXXII, by symmetrical eliiivination of three molecules of 
water, yields tlie phenol derivative (XXXIV), wliicli by X-rnethyla¬ 
tion and metliylation of two plienolic hydroxyl groups be¬ 
comes 'Os'otliebaine (XXXV), which lOee (A?^ch, Pharm.^ 1914, 
252, nil) ii as sliown. accompanies thebaine in Fa paver orientale. 


:uoY\ 

Meo/'^ 



(III 

OH 

llodN'^ANH 


1 \ X yy 

\ *^'*2 


GH^ 

CHg 

(XXXIV.) 

(XXXV.) 


I! the bydroaromatic ring of XXXII becomes oxidised, as may 
well liappen sin'.ultaneonsly with the iV-methylation of formalde¬ 
hyde, one of tlie *011 (OH)* groups becoming *00*, then elimina¬ 
tion of water leads tO' XXXVI, which by metliylation and 
metliyI(M)ation provides numerous alkaloids of the corydalis-plien- 
anthren© type, such as bulhocapnine (XXXVII) (Oadainer and 
KimUiS Arch, Pharm., 1911, 249, 598). 


OM:e 


o 

Y 

./ 

MeO|AA 

MeO^'^ 

HO' A 

HO' ' 

AAAcHa 

OH 

CH 

1 CH 



MeoAA/AFMe 

MeOi\^l\/CH, 

OH, 

OH, 

OH, 


(XXXVI.) (XXXVII.) (XXXVIII.) 

In glaiicine (XXXVIII) and diceutririe'(AsaIima, Areh, Fharm.p 
1909, 247, 201; Gadamer, ibid, 1911,' 249, 680) the orientation 
of the catechol ether group® suggests that these bases :are, the result 
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of concleiisatio!! of tlie aroiiiat-ic aldeliyde (XXVIIT) witfli tlie 
iiydroaroiiiatic base (XXV), and tlie co'ndensaiion wliidi doses tlie 
plienaiitlimie ring way then ]>rodiice‘ a 4 :5-siibstitiited catechol 
derivative. Apart from this, the reactions necessary will entirely 
resemble those required for bulbocapuiiie. 

E. 2\^orkiu-ff{(?iosi'ns and ihe Products ohtai/ied from it hij the 
Action of Formiddehyde.. —Norlaudaoosiii© (XXXIX.) is the result 
of condeiisatiozi of X.XVII and XXVIIT, as ilhistrated below (com¬ 
pare Winterstein and Trier, luc. cif., p. 307) : 


OH 

■'"I I (XXVXIL) 

V 

OHg 

OHO 

ho/a nh„ 

CHij 

(XXVII.) 


OH 

H0/\ 


CH, 

CH 

hoAA/Xnh 

CHg 

(XXXIX.) 


Norlandaiiosine is subject to attack by formaldehyde at six 
points, and the nature of the substances produced largely depends 
on the amount of oxidation which accompanies the methylations. 

(a) Landauosine, 

+ 5GH2O O01H.7O4N -f 50 . 

C'Om}defc© metliylation of phenolic hydroxyls and of the imino- 
group' unaccompanied by internal oxidation. 

{h) PafKiverlne, 

-h ICHgO-l- 20 + 2 H 2 O. 

Metliylation of phenolic liydroxyl and oxidation of the tetra- 
bydrow'oquinoliiie ring. 

(c) Xanthaline (paffavenddme), 

C10H17O4X + 4GH2O = GgoHjjjOsX + 3 HoO. 

(d) Hydrastin 

C30H37O4N + 5 CH .0 = GgiHoiOeN + SHgO. 

The essential reaction here is a Lederer-Manasse ” syiitlies.is, 
Introducing the group •GHo'OH into the benzene ring. The product 
then becomes simultaneously methylated and oxidised, as indicated 
below: 
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HO, 

HO 


OH 

0 -CH,- 0 H 

/Noh 

/No-OHj-OH 

i.^yOI-lVOH 

1 

l^yCH,-OH 

CHa 


CH 

OH 



\/\ /cir 

0 \/\/OH. 

OH, 

CH .2 


OMe 

i^NoMe 

,—00 


0H--6 

OH 


CII,< I 

OH, 

(e) The Berherine Suh-groiif, 

Til© esfeablislnneiifc of a bridge bebwee'ii the nitrogen and the 
benzene ring produces norcanadine (XL), and the reaction is, of 
course, that whicli Pictet and Gains {Com.pt. rend.^ 1911, 153, 386; 
Bef\^ 1011, 44, 2480) devised for the synthesis of tetrahydrober- 
berine: 


/\, 

I I, 

/\/ 

OHn 


OH, 

b)H 


/\. 
! 1 
/\/ 
OIL, i 


OH 

OH 


OH GILO 

CIL^ 
(XXXIX.) 



hq/ 

ho! 


GH GHo 


■N 

CH-, 


\/\/ 

OHo 

(XH) 


Prom norcanadine the following are obtained by the action of 
formaldehyde: 

(a) Cmmdine^ 

CpIl 3704 'M + SGHgO - GholLiO^N -i- 20 4- HoO. 

■ Metliylation' of two phenolic hydroxyls and inethylenation of 
two more. 



8116 ROBINSON: A. THEORY OE THE MECHANISM: OF THE 


(P) Berherine^ 

C„H^ 704 N + 3 GHoO = aoHioOsN + 2H2O. 

Tb.© processes as with canadine, using the oxygen for the 

conversion of the tetrahydroisoqiiinoline derivative into a true 
alkylisoqrinoliiiii- m hydroxide. 

( 7 ) Frotoinrie^ 

+ SCHoO - CsoH^pO^N + 2H2O. 

Complete nietliyieiiatioii of iiorcaiiadine yields XLT, and the 
action of form aldehyde on this saibstance may produce protopine 
(XLII) (Perkin, T., 1916, 109, 875). 


gh2<: 



0>0H3 


/\0' 


o>cin 




01I„ 

i i 

00 0 H 2 
NMe 


CH„ 


OH, 

(XLI.f {XLIi:) 

This is a reaction of a more hypothetical character than any other 
introduced in this coinmunication, but since a ring-scission in this 
direction of tetrahydroberberine metliohydroxide lias been estab¬ 
lished by P 3 rnia 2 i (T., 1913, 103, 828) and since these results have 
been paralleled in the /.sotetrahy-droberberine series in connexion 
with derivatives of cryptopine (Perkin, Joe, cU., p. 841) there 
appears to be little improbability in the assuniption, and tlie 
details of the process may follow the partial scheme: 

UH CHo 

\/\/ “ 

! NH 


(JH OIL 



OH 011 2 


-OH 


GF„ 

/ 

(JH-OH UH, 

\/ / 

I N-CHj'OH 

6 h„ 

/ 


60 CH„ 

\/ / 

I JSfMe 

UHj 

/ 


(6) -i'njpiopinc (Perkin, lue. cit., p. 831 ), 

+ 4CH2O ==C 2 ,H,, 0 ,,N 4 - 20 f Hp. 

Tiiis would result from iiorcanadine- by metliylatioii and methyl- 
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eiiatioii to form an 'tsotetraiiydroberberine, wliicli miglit yield the 
base by the furtlier action of formaldehyde as with protopine. 

F. Wareot'ine and Narceine. —3 :4~T)ihydroxyplienylacetaldeliyde 
(XXVIII) and the base XXIX are supposed tO' condense with 
formation of the* methylene ether of liydroxy-iT-methylnorlaiidano- 
sine (XLIII), which is converted into narcotine (XLIV) in pre¬ 
cisely the manner employed above in the case of hydiastine. The 
ring-scission of iiarcotine with the formation of narceine is similar 
to the production of protopine and cryptopine, except that the 
further methylation of the nitrogen is not accompanied by internal 
oxidation: 


CR 




OH 

\/ 

CHj 

OH CH 


4CH,.0 

-V 


HO-CH. 


2 

\ 

0 


O-CHg-OH 

hhO'CH.,-OH 

OH, 

1 

GH 


OH„< 


OH^ 


-HijO 

->. 


(XLIII.) 


OMe 

OMe 


\. 




-CO 


CH-U 
MeO OH 

oe, 

(XLIV.) 


G. GofydaUne ,—Notwithstanding the observation of Gadamer 
{Arch'. Fhartn., 1915, 253, 274) that corydalhie loses its optical ac¬ 
tivity when it is oxidised to didehydrocorydaliiie, and that therefore 
the two asymmetric carbon atoms shotild be contiguous, an alteration 
in the accepted formula of the alkaloid cannot be considered. Especi¬ 
ally is the position of the methyl group clearly proved by the argu¬ 
ments of Bobbie and Lauder (T., 1902, 81, 154) relating to the 
methylpyridinetricarhoxylic acid obtained by them from corydic acid» 
although a slight modification of the constitution of the latter sub¬ 
stance would now be made so as to represent it as a true pyridine 
derivative and as a'betaine (compare Perkin, p. 836). 
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Ciorjclaliiie accordingly appears as a. nietliylated noTlaudaiiosliio. 
witli an. etbyiideiie bridge 'between the nitrogen atom and 
tile aromatic iiiicieiis, a structure produced by the interven¬ 
tion oi‘ acetaldekyde instead of formaldehyde. Attention may be 
again directed to the possi])iliby that what may ho termed the 
lieinipiiiic orientation may result from aldol condensation with, tiie 
liydroaroiriatic! progenitors of these alkaloids, whilst the metaheini- 
piiiic orientation is to be expected if the condensations are siibse- 
qiieiit to the conversion of the hydroaromatic compounds into 
catechol derivatives by loss of water. 


H. The Conditions affecting the Prodaetion of the imQuinoline 
liases. —The problem may be put in the form of a cpieBtion : Why do 
not alkaloids assumed as above to-have a common origi.n always occur 
together in the plant ? Why, for example, does not niorpliine occur 
in EydrasUs eanodensis^ It is reasonable tO' expect some answer 
to this, but not, in the circumstances, a complete one. In the parti¬ 
cular case mentioned the scheme shows that the molecule must 
suffer reduction before morphine can be obtained. That there are 
reducing conditions is clear also from the formation of laudanosine. 
On the other hand, the formation of hydrastine and of berberine 
follows such a course that all the oxygen available from the methyla- 
tions is used internally, and powerful reducing agents would tliere- 
fore appear to be absent during the formation of these bases. This 
would be sufScient to account for the non-production of morphine. 
Among other circumstances that may affect the nature of the end- 
products are the stereochemical relations of the hydroaromatic sub¬ 
stances, the rapidity with which these lose water with the forma¬ 
tion of aromatic compounds, the stage at which iV-methylation 
occurs, the concentration of formaldehyde and other reagents, the 
presence or absence of enzymes and other catalysts, all of wliicih 
are without doubt connected with the needs of the plant itself. If 
these varying conditions are taken into account the objection that 
the' simplicity of the schemes proves too much cannot well be sus¬ 
tained. 

Some of the more remarkable coincidences encountered in' the 
development of the foregoing suggestions may now be noted in 
summary and conclusion. In the pyrrolidine group liygrine, 
cuschygrine and tropinoue are related by their method of forma¬ 
tion, and by introducing a piperidone ring into hygrine by means 
of a reaction entirely similar to that required for sparteine it is 
seen that an explanation is provided of the jB-position of the pyrrol¬ 
idine complex in the pyiddine nucleus, of nicotine. In the piper¬ 
idine group the methods are homologous with those of tlie.pyiToh 
idine group and the nature of the reduced pyridine derivatives 
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wMch have' been obtained from plants is quite in harmony with 
the origin from lysine. In particular, the a-propyl chain of coniine 
is explicable on the assuinption that it represents a reduced acetone- 
residue. In the quinuclidine- group the bridged rings of sparteine 
and quinine are produced by similar methods, the application of 
Avliicli fixes the position of the connecting methylene group of 
sparteine and the vinyl group of quinine. Substances accompany¬ 
ing quinine and cinchonine in cinchona-hark have been found to 
be suitable starting points for a synthesis of the quinoline-half of 
the molecules of these alkaloids. In the isoquinolme group it is 
noteworthy that one and the same hypothetical hydroaromatic 
substance derived in part from a carbohydrate degradation product 
also required for quinine, suffices for the production of the whole 
of the ’bases of the group the constitutions of -which have been 
elucidated. It is hoped that it will prove possible to employ this 
theory as a workisig hypothesis in several directions. 

The Univeksity, 

Liverpool. [Beoeivedf July 2^rdf 19X7.] 


LXXVL —Reduction of Aliphatic Nitrites to Amines: 

By Panchanan Neogi and Tabini Charan Chowbhuri: 

Neogi and Cliowdhuri have shown (T., 1916, 109, 701) that 
aliphatic nitrites are partly converted into the corresponding 
nitro-compounds by the action of heat. The conversion com¬ 
mences at about 100^, and the best results are obtained at 
125—130®* If, however, the temperature is further raised, 
secondary reactions take place, and, in addition to nitro-com¬ 
pounds, aldehydes and acids are formed. 

By the reduction of aliphatic nitrites in solution, alcohol and 
liydroxylamine or ammonia are obtained, but as the nitrites are 
partly converted into nitro-compounds on heating, it follows that 
on reducing them at a higher temperature, amines should be pro¬ 
duced in addition to ammonia. Gaudion lias shown (Ami, Ohim. 

1912, [viii], S5, 120) that amines are obtained by the 
reduction of aliphatic nitrites with heated, finely divided nickel 
or copper. The temperature employed by him, however, was very 
high, namely, above 220® in the case of nickel and above 300® 
in the case of copper, temperatures at which the nitrites decom¬ 
pose, giving -secondary products. He therefore obtained,,a'/,'-,, 
;turepf mono-, di-, and tri-alkylamines in the’reactiom ''We,'hay©? 

\;:vbiA oxi. v; 
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however^ made experiments at as low a temperature as 100“130®, 
and Have been able to show tHat tlie corresponding moiioalkyl- 
amine alone is obtained, , thus conclusively proving ^ tbat tlie 
resultant amine is tbe direct product ol reduction of tbe nitro¬ 
compound, best formed at 125—130°, as previously shown by us. 

That nitro-compounds are reduced to amines when a mixture 
of Hydrogen and the nitro-compounds is passed over Heated nickel 
Has already been shown by Sabatier and Senderens (Gompf. rend.^ 
1902, 135, 226). 


Experimental. 

A slow stream of pure Hydrogen was passed through a flask 
containing the aliphatic nitrite, and the mixture of hydrogen and 
nitrite vapour then passed into a combustion tube, about 90 cm. 
in length, filled with reduced nickel and heated in an asbestos box 
provided with a thermometer. The air was first expelled by the 
current of hydrogen, and then the mixture of the two gases 
allowed tO' pass into the tube. To the other end of the tube was 
attached a dry test-tube, immersed in cold water and connected 
in its turn with two Erlenmeyer flasks containing dilute Hydro¬ 
chloric acid. Liquid products of reduction, such as alcohols and 
part of the liquid amines, collect in the tesfitube, whilst the 
vapour of the escaping amines, especially in the case of the lower 
members, and ammonia, are arrested in the hydrochloric acid 
flasks. 

The liquid in the test-tube, which gave the pungent, fishy 
odour of the amines, was neutralised with hydrochloric acid and 
the alcohol distilled off. The alcohol was recognised by its odour 
and identified by determining the boiling point of its acetate. 

The hydrochloride of the amine and ammonia in the Erlen¬ 
meyer flasks and in the test-tube after distilling off the alcohol 
was , evaporated to dryness. The amine hydrochloride was, 
separated from ammonium, chloride'by repeated exhaustion with 
small quantities of absolute 'alcohol and ether.' Besides recog- 
' nising the amines by Hofmann’s'' carbylamine reaction and other 
characteristic tests, they were identified quantitatively by pre¬ 
paring their platinichlorides. Analysis of these showed that 
monoaikyl-j and not di- or tri-alkyl-amines were formed. 

One point is important in the preparation of the ‘amine platini- 
chlorides in the presence of ammonia. It is known that even on 
repeated exhaustion of mixture of amine hydrochloride and 
ammonium chloride , with 'Alcohol and ether, the, 'amine hydro¬ 
chloride is not obtained fr^ from ammonium, chloride. On the 
addition of platinic chloride);^ however, to a moderately dilute 
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eoliitioii of tlie salts, tlie precipitate wMcli is first produced con¬ 
tains all tlie remaining ammoniiiin cHoride, together with a little 
amine hydrochloride. If now platinic chloride is added to^ the 
filtrate and the solution concentrated, if necessary, shining, 
yellow crystals are formed consisting solely of the amine platiiii- 
chloride. 

The use of reduced nickel in the powder form, as employed by 
Sabatier and Senderens, was not satisfactory. The powder forms 
a layer inside the glass tube, and evidently does not present a 
sufficiently large surface of contact for the action of the gases. 
We tiierefor© prepared nichelised asbestos by first soaking asbestos 
fibre in a concentrated solution of nickel nitrate, then drying, and 
heating it in the blow-pipe in a large nickel basin in order tO' 
I convert the nitrate into the oxide. The glass tube was then filled 
f with the asbestos impregnated with nickel oxide, placed in an 
inclined position, and heated at about 300^ in a current of 
hydrogen, when the oxide was reduced to metallic nickel. The 
nickeliaed asbestos, with which a tube can be fully packed, is 
strongly recommended whenever reduced nickel is necessary for 
work with gases, as it presents a very large surface for the react¬ 
ing gases with the use of a comparatively small quantity of nickel. 
When once prepared, the nickelised asbestos may be used over and 
over again. 

The experiments here described were also repeated with 
reduced iron, but the results were much less satisfactory. 


isoAmylamine from imAmyl Nitrite. 

I The products from six experiments, in each of which 4 c.c. of 
' the nitrite were used, were united. The temperature employed 
; w-as'125—130°: 

Amine hydrochloride = 1*6 grams 
Ammonium chloride = 3*4 „ 

^ Analysis of the piatinichloride of the amine gave Pt=33*61, 
/ whereas aoamylamine piatinichloride requires Ft=33*39 per cent. 

The acetate of the alcohol was prepared, and identified as iso- 
f amyl acetate by its boiling point (137—138°). 

IV", ,, ' ' , 

^ ' ' , ; „ ' ' 

I imButylamine from isoButyl Nitrite. 

f ' Seven experiments were , performed at 125—130°, using 4 to 
/ 5 c.c.' of nitrite in each case: ' 

' Amine hydrochloride = 1*9 grams. 

Ammonium chloride =’3'2' „ 

', ,N N 2 .v: 
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Analysis of tlie platinicliloride gave Pt = 36*23; calc.j Pi = 35’07 
per cent, 

4"oButyl acetate was prepared from the alcohol, and identified 
by its boiling point (116—117°). 

'E-PfOfylamine froin n-Propyl Nitrite. 

Six experiments were made at 130°, using the same quantities 
as in the previous experiments; 

Amine hydrochloride=1*3 grams. 

Ammonium chloride = 2*9 „ 

Analysis of the platinichloride gave Pt= 37*10; calc., rt = 36*93 
per cent. 

The acetate of the alcohol boiled at 102°, showing that the 
alcohol was fz-propyl alcohol. 

Btliylaminc from Ethyl Nitrite. 

As ethyl nitrite is gaseous at the ordinary temperature, it was 
■dissolved in paraffin oil, and a 26 per cent, solution was used. 
As the nitrite is very volatile, even in solution, much escaped with¬ 
out reduction. 

As a result of six experiments, using 6 c.c. solution each 

time; ethylainine hydrochioridi! (0*62 gram) ammonium 

chloride (3*2 grams) were' obtained. Analysis mf the platini¬ 
chloride gave Pt=39*23; calc., Pt = 39*00 per cent. \ 

Ethyl alcohol was detected by the iodoform, niorpSin'HS'^., and 
other tests. * ' 

Methylamine from Methyl Nitrite*. 

Methyl nitrite was j'jx'^pared according to the directions given 
in our previous paper (toe. clt.) and dissolved in paraffin oil 
Much of the nitrite escaped reduction, owing to its volatiiii^. 
About 0*10 gram of the amine .hydrochloride was obtained as'the 
result of six. experiments. ' Owing to the low yield of, the amine 
salt and to the presence of much ammonium chloride, analysis of 
the‘small quantity of the platinichloride did not give, good results.,; 

Methyl alcohol was recognised by the formic acid, morphine, 
and other tests.. 

CHEMICAIi LAB.ORArORY, ' ' 

GovEEMENr College, ' •, , ^ ^ 

.RArsHAHi, ,Bengal> Ihoia. . MagMh , 1^17.] ' - 
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LXXVil .—Experimertts on the .Orientation of 

Subs titilted Catechol Ethers. 

By Thomas Gilbert Henry Jones and Robert Robinson. 

Apparent anomalies noted in the course of attempts to prepare 
2”Hitroiiomoveratrolc rendered it necessary to examine the whole 
question of the entry of substituents into the catechol nucleus, and 
as the matters of interest encountered in the prosecution of the 
investigation are of somewhat divergent character they are sepa¬ 
rately discussed in the ensuing sections. 


I. Suhstitiition in Vemtrole or Catechol Methylene Ether and 
their Derivatives, 


{a) In the preparation of inonosubstituted catechol ethers only 
the 4-derivativ© is obtained. For example, no trace of 3-nitrovera- 
trole is produced in the nitration of veratrole (Cardwell and Robin¬ 
son, T,, 1915, 107, 257), and only the para-compound is obtained 
on bromination (see p. 916). 

(5) Disubstituted catechol ethers are 4:5-derivatives. 

The constitution of 4:6-dinitroveratrole may be dehnitely proved 
in several ways, of which the simplest depends on the production 
of the substance from metahemipinic acid by elimination of the 
carboxyl groups. The disubstituted catechol ethers are therefore 
connected with 4:5-dinitroveratrole by transformations and inter- 
'' conversions as shown below. A number' of known substances of' 
/hitherto undetermined constitution are included, and in all cases 
where two specimens are stated to be identical tliis was proved by 
direct comparison and by the determination of the melting point 
of a mixture. This technique is also implied in the statement that 
a product was identified with a known compound. 

There are two well authenticated exceptions to this rule, but the 
circumstances in both cases are somewhat unusual. Gaspari {Ga%~ ^ 
1896, 26, ii, 231) nitrated bromoveratrole and obtained a 
suhsta-hce melting at 125® (I), now shown to bo 4-bromo-5-nitrO' 
veratrole, but, on brominating nitroveratrole in chloroform solution 

* The investigations described in' this and four of the five following' 
comnanuications were made in the laboratories of the University of Sydney 
during 1914—1915' and were interrupted befoie they were quite oornpletfecl, 
but as there is no immediate prospect of the ,possibility of further work'in 
these directions it seems undesirable to ■ delay the publication of'the' results 
already ascertained* ■ ' ■ ' L ', 



?7ir-Hemipimc acid. Hjdrastic acid. 
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at IOO'^/CoubIb (Ann. Ohwi. FIit/s.^ 1898, [vii], 13, 504) produced 
■ar£ isonieride melting at 111—112°. Tlie latter reaction lias been 
re-examined and the formation of the isomeride coiifirnied, altlioiigli 
in our experience the main product was a nitrophenol, identified 
as 6”hroino--4-iiitroguaiacol (Meldola and Streatfeild, T., 1898, 73, 
681; Robertson, T., 1908. 93, 788), which yielded the bromonitro- 
veratrole (m. p. 112°) on methylation. The broniination of 4“'nitro*- 
veratrcle leads, therefore, to 6-bromo-4-nitroveratrole- In this case 
the reaction proceeds with considerable difficulty at 100°, and yet, 
in view of the tendency to produce 4:5-derivatives, it must be con¬ 
ceded that, whatever the mechanism, here is a genuine example of 
direction by the nitro-gronp. 

A second exception to the rule is found in the synthesis of tetra- 
hydroberberine by Pictet and Gams {Corn-pt. rend., 1911, 155, 386; 
./ien, 1911, 44, 2430), an anomalous production of a 3:4-disubsti- 
tuted veratrole apparently due to a particular arrangement in 
space, relative to the imino-group, of the veratrole nucleus in the 
complicated molecule of which it forms a part. 

(c) In the preparation of 3 :4 :5-derivatives from a 4 :5-disubsti- 
tuted catechol ether the new substituent enters the ortho-position 
with respect to the more negative of the groups occajiying the posi¬ 
tions 4 and 5 unless one of these groups is powerfully ortho-direc¬ 
tive. The following are examples which occur in the experimental 
part of the paper: 



NO, 


Jbv 

Meobb^Oj 

MeObb®'^ ' 



(VI-) 

NO, 



\/ 


(IV.) 

m ■ 


NO, 


Meo/NCHO . 
MeObpMe 

Meo/b®®® Meobb®^-’ 

MeObb®f 

MeObyBr ; MeObbMe 



(XV,) 


It appears to be generally recognised that the orientating effect 
of a positive group such as methoxyl is overwhelmingly greater than 
that of a negative group, such as nitroxyl, and that the influence 
of negative groups is chiefly, felt in diminishing the positive:, un¬ 
saturation of the molecule and ,so inhibiting'further substitutions 
which^ owe' their occurrence to the reactivity associated 'With 'the 
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■uiisatiiration of the nucleus conjugated (compare this voLj p, 964) 
with that of the positive centres. When two identical |)ositive 
groups co-exist in the same molecule and direct substitution to 
di/fereiit positionSj a means is provided for the examination of the 
effect of negative groups on their orientating power. Thci following 
examples illustrate the weakening effect of a negative group on a, 
positive centre situated in the ortho-position, and those which are 
cited above are probably due to a similar effect exerted from the 
para-position. 


CHO CHO 


MeOPP 

MeUp^ 

McoANnO, ^ 

MeOpp 

Roberts, and Robinson 
1914, 105, 2389). 

NO, 

NO, 


•Mpo/A \ 

MeOi'^NnO. (see page 912). 

MeOpp „ 




(XII.) 


OMe 

OMe 

OMe 

A™- 

\/ 

N0,Q^^' 

CO 

\_A 


OMe OMe OMe 


Blanksma {Bsg, trav, Ohim, 
1907, 27, 49). 


The exceptional behaviour of o-veratric acid on nitrat^ion (Ckiin 
and Simonsen, T,, 1914, 105, 159) has already been aflei|uately dis¬ 
cussed by Gibson, Simonsen, and Ilau (this voL, p. 73). 


NHAo 

NHAc 

/\ 

/\]^0 

I 

\/ 

' 1N (I 

OBfc 

om 


II. The Influence of a Negative Group on 'U ^Positive Nhpup 
in the 3[eta-position. 

Perhaps the most widely known example of, this effect is to be 
found in' connexion with diazchcoupling with' a-na'phthylamine and, 
a-naphtliol and with their sulphonic acids. The arrows show the 
position taken up by the entering azo-group: 


OH 

AA 

\/\/ 

t 



OH 
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Comiaarable with this is the behaviour of acetylguaiacol and of 
acetylvanillin on nitration (Pschorr and S'umuleanu, Ber., 1899, 
32, 3405): 

MeO/\ MeO,/"'^OHO 

We liave obser\ed anotlicr example of the same kind, and find 
that the hromination of 5-nitrognaiacol (see p. 917) produces 
6-broino-5-nitroguaiaool: 


'I' Me Me 



OMe OMe 

(II.) (IIL) 


In all these cases an ortho-position is preferred to the pa-ra, and 
it would seem that a negative group in the meta-position to the 
directiii^e positive group is responsible for the effect. There is evi¬ 
dence, too, that it is not merely an ortho-substitution which is 
favoured, but that it is the particular ortho-position situated 
between the positive and negative groups. Thus Kaufier and 
Wenzel 1901, 34, 2239) observed that 2-nitro-p-tolyl methyl 

ether (II) gave 2:3-dinitro-;>*tolyl methyl ether (III) on nitration, 
and there are many similar cases which have been recorded. It 
must further be pointed out that a positive group in the ortho- 
position has precisely the op 2 :)osite effect to the meta-situated nega¬ 
tive group, yAn example of this is found above in I (a), or in com¬ 
paring the nitration of acetylvanillin with that of veratraldehyde. 
In the former case (see above) the nitro-group enters the ortho-posi¬ 
tion with respect to the methoxy-group, whilst in the latter it 
enters the para-position and 6-nitroveratraldehyde is produced. It 
is possible tO' translate all observations on orientation and cognate 
problems into the form of expressions which represent the distribu¬ 
tion of affinity and the nature of the partly dissociated simple or 
conjugated unsaturated systems to which the initial additions 
occur, The more precise presentation of the difficulties which is so 
,obtained , is'^'to'.'some 'extent helpful, but especially in connexion 
''‘"with'the effect df groiip on'group the experimental data cannot yet 
' bO;. regarded'as :sufficient to enable very definite conclusions to bO',^ 
drawn., This is perhaps partly due'to the circumstance that’'the 
entry of a pronouncedly negative or positive group affects the' state'' ; 
';,o,f 'saturation of all the atoms in the molecule, and the difficulty; 

’ .. . 
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resembles that which is met in attempting to trace a relation 
betweeri constitution and physical properties. 

III. The Nitration of Bromopiperonal* 

Oelker {Ber,.^ 1891, 24, 2593) studied this reaction and stated 
that the products were bromonitropiperonal melting at 89^ and 
bromodiiiitropiperonal melting at 172^. These substances are, 
however, bromonitrocatechol methylene ether (IV) and bromodi- 
iiitrocatechol methylene etlier (A^), the aldehyclo-groiip having been 
eliminated. The latter substance on reduction yields 3 :4-diaininO" 
catechol methylene ether isolated in the form of a phenanthra™ 
phenazine, but, under the same conditions of reduction, the corre¬ 
sponding veratrole derivative (VI) retains its bromine and yields a 
broino diamino veratrole. 


IV. Tht^ Action of Nitric Acid on MetlipleMediQ'xyimtin, 

Herz 1905, 38, 2857) prepared methylenedioxyisatin by 

the moderated oxidation with nitric acid of the readily accessible 
dimethylenetetraoxyindigotin, and represented the further action 
of nitric acid as resulting in the formation of an acid (VII), which, 
when heated with aqueous sodium carbonate, lost carbon dioxide 
with the formation of the nitroamine (VIII): 


0H3<® 


—CO 
'\/\/CO 

Nil 




\/ 

NO, 


(VTI) 


NO, 

(VIII.) 

These transformations must, however, be represented in the fol¬ 
lowing manner, since we have identihed the product as 5-nitro-4- 
aminocatechol methylene ether, and find that its production is 
accompanied by that of sodium oxalate. Moreover,' Herz points 
out that the analytical data for' VII 'agree with the formula 
CjjHeO^Ng almost as well as for CgHgOeNg: 




o/v 


co 

'\/\A/ 

UH 


CTT^W02 
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V. A Beaction of Fiperonylic Acid. 


Mr. J. W. Hogartli discovered in 1914 that a crystalline sub¬ 
stance melting at 86° is obtained by the action of bromine on a 
solution of. piperonylic acid in aqueous sodium carbonate, and the 
further investigation of this compound showed that it is 4:5-di- 
bromocatecliol methylene ether (IX), and that it is obtained in 
quantitative amount. 

From the conditions requisite for its formation (see p. 913), 
the conclusion may be drawn that the displacement of the 
carboxyl group is the first reaction, and that the monobromo- 
derivative is then further brominated. In all probability, the 
latter stage is rapid in comparison with the former. This view 
is confirmed by the formation of 6-bromohomoveratrole (see p. 
920) by the application of a similar process to 4:5-diniethoxy- 
o-toluic acidj and the reaction is evidently of the same character 
as that by means of which bromostyrene may be obtained from 
cinnamic acid. Such displacements are clearly analogous to sub¬ 
stitutions and are certainly preceded by addition, whilst the group 
displaced may be removed by hydrolysis, which is facilitated by 
much the same conditions that determine the separation of the 
acetyl group in the preparation of chloroform from acetone. If 
the following formulae are compared, it will be seen that there 
are three factors which should render a group *CO*R in a hypo¬ 
thetical additive product, such as X, readily removable by hydro¬ 
lysis, namely, the bromine atom in the a-position and the two 
double bonds in the ring. 

, ClgGH-COMe 
'NUa'CH^-rCOaH 
' ^ Me ■ 

i 

O 


. 

0 CH^i 


-OOjH 


OH,< 


Br(OH) 


(X.) 


The formation of dibromocatechol methylene ether may be 
employed as a sensitive test for piperonylic acid, since the colour 
developed in the sulphuric acid solution' of ■ the substance ^by''the 
addition of a trace of nitric acid is highly characteristic* 
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also probable tliat tlie metbod will be useful in the investigation 
of acids derived from the alkaloids in degradation experiments, 
and Professor W. H. Perkin has already found such an oppor¬ 
tunity ill connexion with a methylpiperonylic acid obtained from 
cryptopine (T., 1916, 109/ 918). 

VI. Fhe.nanihmiihenazbie Derivati ves. 

It lias been found to be a general rule that the ethers of 1 :2~ 
dihydroxyphenaiithraphenazine are bright yellow and exhibit 
green fluorescence in benzene or other neutral solvent, whilst the 
ethers of 2:3-dihydroxyphenauthrapheiiazine are faintly yellow 
and yield almost colourless solutions with intense violet fluores¬ 
cence. The latter property can be made the basis of perhaps the 
simplest method of obtaining an indication that a plant product 
is a derivative of veratrole substituted only in the 4- or 4:5- 
positions. A small quantity of the substance is boiled with 40 
per cent, nitric acid in such a manner as to ensure vigorous oxida¬ 
tion and coiicentrlition of the solution; a further quantity of con¬ 
centrated nitric acid is then added and the boiling continued for 
a few minutes. The mixture is added to water and extracted 
with ether, the extract washed with water and evaporated, and 
the residue, however small, dissolved in a little alcohol, and after 
the addition of two or three drops of hydrochloric acid, reduced 
by zinc dust. The filtered solution is mixed with sodium acetate 
and a solution of a few" ciystals of pbenantliraquinone in hot 
aqueous sodium hydrogen sulphite, and, after boiling, is extracted 
with benzene. The benzene is clarified by means of calcium 
chloride and filtered, and the fluorescence observed. The reaction 
may be applied with even more certainty to the products obtained 
by oxidation with an alkaline solution of pofcassunn permanganate 
of the substance which is under investigation. Positive results 
were obtained, using about 0*05 gram of papaverine, trimethyl- 
brazilin, eudesmin, and several synthetical compounds which' hap¬ 
pened to be in, the laboratory at the time the experiments',were 
m,ade. '■ The; preparation of 1:2; 4-trimethoxyphenanthraphenaziiie 
and of the isomeric p'Jnrogallol derivative, (see p..'9'28) confirms the 
correctness of the constitution assigned by Blanksma (Proc. Jf. 
Ahad. Wettnsch, 1904, 7, 462) to the dinitrotrimeth- 

oxybenzene (mi p. 152^) which he obtained hy the action of 
methyl-alcoholic potassium hydroxide on trinitroveratrole. 

A Nem Heterocyclic NuchtiB. 

- On attempting To' reduce; 4,: 5-dmitroveratrole'to a nitro,amine 

^by means of hydrogen sulphide.and ammonia, an unusuar result 
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was obtained, and tlie product was a sparingly soluble orange- 
yellow, crystalline compound, Ci( 5 H 5 (jOt;lSr 4 S, wliicli on reduction 
furiiislied a base, CigHigO^N^S, having the properties of a deriv¬ 
ative of veratrylamine (see p. 925). Evidently a iiitro-compound 
has been reduced to the corresponding amine. Bearing in mind 
the method of formation of the substance it seems 

that the fragments to be combined are 


MeO|'^b-N 


NANoMe 


and it then appears that the formula of the substance must be 
one of the following:. 


MeOr 

'MeOl 


OMe 


i \ 

B >OMe 

(XL) 

(excluded) 

n:]S[—<( 




(XII.) 

Si 



/ 

\ 


)C>-< 




(improbable) 


There is no evidence which enables a decisive choice to be made 
from the various possibilities, but perhaps XI is preferable as 
being analogous to the constitution now accepted for benzfurazan 
oxide (XII) (G-reen and Kowe, T., 1913, 103, '897; Forster and 
Barker, ihid,^ 1918). The whole question of the mode of forma¬ 
tion and the properties of these substances will be more closely 
investigated when opportunity occurs. In the meantime, the SX^- 
group has been provisionally designated ^Hhiotriazo/’ and the 
substance XI is ' described as G-nitroveratryl-i: 5-thiotriazo- 
veratrole. ' . ' ' 


EX'P ElilM EKT AL. 


Z'A-DlnitrGveratrole (XIII). 

, ,3-Nitroveratrole was dissolved, in cold nitric'acid ■ (B'1*42)^, and 
the .solution allowed to remain during two hours, end' then'poured' 
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into water. Tke precipitated oil soon solidifiedj and tlie sub¬ 
stance was purified by several crystallisations from metbyl alcoliol. 
The pale yellow needles melted at 96° with previous softening, 
and although obviously not quite pure, the amount of material 
available was insufficient to enable us to remedy this by a long 
series of fractional crystallisations: 

0T095 gave 0'1699 CO 2 and 0*0372 C = 42*3; TI = 3'8. 

CgHgOeN '2 requires C'=42‘l; 1-1 = 3*5 per cent. 

The substance is readily soluble in most organic solvents and is 
changed by fuming* nitric acid to 3 :4 :5-triiiitroveratrole. G-ibson, 
Simoiisen, and Ran (this voL, 83) have described as 3:4-dinitro- 
veratrole a substance melting at 181° which is sparingly soluble 
in alcohol. In the introduction tO' their communication, these 
authors recognise the improbability that 3:4~dinitroveratrole can 
have so high a melting point, but since the molecular weight of 
the substance was determined they do not reconsider the view 
advanced. When opportunity offers, attempts will be made to 
prepare the dinitro-derivative by a new method, and so clear up 
the question of the melting point. In the meantime, the follow¬ 
ing experiment proves the constitution of the substance obtained 
as described above. 

The substance (0*5 gram) was dissolved in boiling alcohol 
(10 C.C.), inixed with concentrated hydrochloric acid (5 c.c.), and 
an excess of zinc dust added in one portion. After the stormy 
reaction water was added and the solution filtered, mixed with 
excess of sodium acetate and with a solution of pheiianthraquinone 
in hot aqueous sodium hydrogen sulphite to which sodium acetate 
had also been added. The mixture was boiled, and the quin- 
oxaline derivative soon separated in yellow flocks, which were 
collected, dried, and crystallised from alcohol, and so obtained 
in long, yellow needles melting sharply at 175°, Pisovschi 
1910, 43, 2137) has previously prepared this 1; 2-dimethoxy- 
phenanthrapheilazine, and th© product from 3:4-dinitrov6raitrole 
agrees in every respect with his description. Like the correspond¬ 
ing inethylenedioxy-derivatiye .(compare'p. 'B27), its benzene solu¬ 
tion' exhibits intense green fluorescence.' 


6-Bro7noacetoverat7*^Ia7nide , 


Meo/b^HAc 

MeOl^yBr 


Acetovera'trylamide was brominated in cold-acetic acM ..solution 
by' means of a molecular proportion of bromine. ' The' reaction 
was almost instantaneO'Us, and, after the addition of..water, the 
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substance was collected and crystallised from iiiethyl alcobol. 
From a fairly dilute solution a single stellar aggregate of needles_, 
some of them 9 cm. long, was obtained. Tlie melting point was 
140 ^": 

0*1332 gave 0*0912 AgBr. Br = 29*L 

CioHiqO^NBi* requires Br —29*2 per ceiit. 

Tliis substance was converted into 4:5~dibromoveratrole in tbe 
following manner. The amide (10 grams) was boiled during ten 
minutes with saturated aqueous hydrobromic acid (25 c.c.), then 
diluted with water (150 c.c.), cooled to —5®, and the amine con¬ 
tained in the solution diazotised in the usual way. Copper powder 
was then added, and, after remaining overnight, the reaction was 
completed by heating on the steam-bath and the whole extracted 
with ether. The solution was washed with alkali and water, 
dried, and evaporated, and the residual oil gradually crystallised 
oil keeping in the ice-chest. It was freed from impurity by con¬ 
tact with porous porcelain, and, after crystallisation from alcohol, 
was obtained in prisms melting at 92—93*^ identical with the 
product of bromination of veratrole. 

i'.^-Dihroniocatechol M.eif\ylene Ether (IX). 

This compound is readily obtained by adding bromine water to 
a solution of piperonylic acid in aqueous sodium carbonate until 
no further precipitate is formed. It may be crystallised from 
alcohol, and is so obtained in colourless, glistening leahets melt¬ 
ing at 86*^, and moderately readily soluble in most organic 
solvents: , 

0*1276 gave 0*1703 AgBr. Br = 56*8. 

C 7 H 402 Br 2 requires Br=^57‘2 per cent. 

The pale yellow solution in sulphuric acid is changed to crimson 
on the addition of a trace of nitric acid. 

The substance is not formed by treatment of an alkaline solu¬ 
tion of piperonylic acid with ready-formed hypobromite, or even 
by the bromination of piperonylic acid in acetic acid solution. 
Neither can it be obtained by the addition of bromine water to a 
solution of bromopiperonylic acid in sodium carbonate. Yeratric 
acid did not undergo the reaction so readily as piperonylic acid, 
but the result was similar and 4:5-dibromoveratrole was isolated. 
It, seems probable that the method will be useful in the investiga¬ 
tion of carboxylic acids derived from alkaloids and other natural 
products by oxidation. 

4 :5-Dibromocatechoh (Cousin, loe. aV-.,''487), , which yields 4:5-^ 
'' dibromoyeratrole ' on methylation, was converted' by ; methylene 
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iodide and sodiiini etlioxide in boiling alcoholic solution into 
4 : 5 -dibromocatechol methylene ether melting at 86 '^, and identical 
with the substance obtained as described above. This compound 
was also produced by the direct bromination of catechol iiiethyleiie 
ether in acetic acid solution. 


%~FitroveratryJa7nine (XIV). 

b-Xitroacetoveratrylamide was boiled with concentrated hydro¬ 
chloric acid until the whole of the yellow needles passed into 
solution. The pale yellow hydrochloride of the base separated on 
cooling, and on the addition of much water was decomposed, yield¬ 
ing the orange nitroamine. This was collected and crystallised 
from alcohol, from which it separated in deep orange prisms melt¬ 
ing at 175^: 

0T3Q4 gave 0*2315 CO^ and 0*0600 H^O. C = 48‘4; H = 5*l. 
C 3 H 1 QO 4 N 2 requires C=48*5j H = 5‘0 per cent. . 

The substance could be diazotised, and gave a crimson azo¬ 
compound by coupling with j 8 -naplithoL When the diazoniuxii 
bromide prepared in hydrobromic acid solution was treated with 
copper powder, nitrogen was evolved, and, after completing the 
reaction by gentle heating, the neutral substance formed was 
isolated and identified with 4-bromo-5-iiitroveratrole, melting at 
125 ^ 

Acetyl Derivative ,—Acetoveratrylamide (10 grams) in acetic- 
acid (50 c.c.) was nitrated in the cold by the addition of nitric 
acid (10 c.c., D 1*42) in acetic acid (50 c.c.). The bright yellow 
product of the reaction separated for the most part in the crystal¬ 
line condition, and, after the addition of water, was collected and 
recrystallised from alcohol, in which the substance is somewhat 
sparingly soluble. It was obtained in long needles melting at 

' 0*1268 gave 0*2326 and 0*0592 H^O. C = 50*4; H'='5*2. ■ 
C 10 TI 12 OQN 3 requires 0=50*0; il=5‘0 per'cent. 


b-NUroA-acetylaminQcatechol MethyU'ue Ether, 






\/ 


NHAc 


This derivative is obtained in theoretical amount when 4-acetyl- 
aniiiiocatechol methylene ether is nitrated in cold acetic acid solu¬ 
tion. After'the addition. of water, the substance was collected 
and crystallised from 'Ueetic acid, rnd then from ethyl acetate. 
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The bright yellow needles melt at 209'^, and. the compound is 
sparingly soluble in boiling alcohol: 

0*1247 gave 0*2207 COo and 0*0419 HoO. 0 = 48*3; IT = 3*7. *- 
C 9 Hg 05 ]S [2 requires 0 = 48*2; H = 3*6 per cent. 

In view of the results of Herz Qoc. cH,)^ which are discussed 
on p. 908, it is interesting to note that this amide is readily 
hydrolysed by alkaline agents and even by a boiling solution of 
sodium carbonate, but the more convenient method is to employ 
hydrochloric acid diluted with half its volume of alcohol. The 
acetyl derivative is finely powdered and treated with the boiling 
mixture until a homogeneous solution is obtained. On the addi¬ 
tion of water, an orange, crystalline precipitate of pure 5-nitro- 
4-ammocatechol methylene ether separates, and, after crystallisa¬ 
tion from benzene, the substance melts at 198° and is identical 
with the compound obtained by Herz and also by Mameli 
(G-azzettd, 1909, 39, ii, 172) by the action of alcoholic ammonia 
on 4:5-diiiitrocatechol methylene ether. The amine is most easily 
obtained by a modification of Herzh process, starting with iiitro- 
piperonal. The iiitroaldehyde (80 grams), dissolved in acetone 
(240 C.C.), was heated on the steam-bath during half an hour with 
aqueous iV-potassiiim hydroxide (750 c.c.). The paste of the 
indigotin derivative was collected and washed, and gradually 
added with stirring to nitric acid (150 c.c., D 1*42) and water 
(100 C.C.). The oxidation may be induced at first by gentle warm¬ 
ing, after which the further application of heat is disadvantageous. 
The product was collected and w*ashed with water, and then boiled 
during five minutes with a solution of sodium carbonate (50 
grams) in water (500 c.c.). The nitroamine was precipitated in. 
the crystallised condition, and was separated and purified by solu¬ 
tion in concentrated hydrochloric acid and recovery by dilution 
with water. 5~Nitro4-aminocatechol methylene ether may be 
recovered unchanged after being boded with acetic anhydride, but 
in t.he presence of a trace of sulphuric acid the acetylation 'is 
rapid and the derivative crystallises from the solution. The nitro¬ 
amine is attacked by hot aqueous sodium hydroxide, and a blood- 
red solution is produced, but the reaction is complex and un¬ 
accompanied by evolution of ammonia. 
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NH 


5-Nitro-4-acetylaiiiinocatecliol nietliylene ether (1 gram) was 
reduced during an hour by heating on the steam-bath with acetic 
acid (25 c.c.), stannous chloride (0*5 gram), and excess of tin. 
After one or two minutes, a tin compound separated from the solu¬ 
tion in colourless crystals, but this gradually disappeared, and at 
the end of the operation the liquid had a pale yellow colour. 
Water and sodium hydroxide sufficient to redissolve the precipi¬ 
tate were added, and the solution was twice extracted with ether. 
The combined extracts -were dried with potassium carbonate and 
evaporated, and the crystalline residue purified by several re- 
crystallisations from benzene. The colourless, transparent leaflets 
so obtained appear to contain solvent of crystallisation, and 
became opaque on exposure to the air. The substance was dried 
at 100 °: 

0*1113 gave 0*2490 GO .2 and 0*0463 H^O. 0 = 61*0; H;=4’ffi 
09115021^2 requires 0 = 61*3; H = 4*5 per cent. 

This base is sparingly soluble in ether, benzene, or light 
petroleum, but dissolves freely in methyl alcohol and also to some- 
extent in hot water, from which it crystallises in needles. It melts 
at 226—227° after sintering at 223°. The hydrochloride is readily 
soluble in water, but may be ^precipitated in needles by saturation 
of the solution with salt. The hydrogen oxalate is sparingly 
soluble and crystallises from water in characteristic, satiny plates. 
The pArr/fe crystallises from methyl alcohol in canary-yellow 
clusters of long needles. . It is sparingly soluble- and carbonises 
between 230° and 250° without sudden decomposition. 


A-Bro mo -5 : 6-dinitroveratrole (VI). 

A quantitative yield^ of 4-bromo-5-nitroveratrol6 is obtained by 
the nitration of bromoveratrole in acetic acid solution (compare 
Gaspari, loc. and on fractionally crystallising the product it 

was found to be perfectly homogeneous, and consequently the 
bromoveratrole is also homogeneous and contains no 3 -bromo- 
veratrole.' d-Bromo-S-nitroveratrole may also be obtained by the 
action of nitric acid (D 1*42) on^ that bromoveratric. acid which 
results from the hydrolysis of brominated methyl veratrate or from 
:'the oxidation of bromover^traldehyde, Gaspari Qoc. cit.) obtained 
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the diliitro-derivative by the action of fuming nitric acid on 
bronioveratrole, but from the point of view of yield it is better 
to isolate the bromomononitroveratrole and submit this substance 
to the action of cold fuming nitric acid (D 1’52). In this way, the 
aiiiount obtained approximates closely to that demanded by 
theory. The constitution of this substance is proved by its con¬ 
version into a broniodiinethoxvpheuanthraphenazine, as described 
on p. 928. 


%-Brom(h^-)iitroguaUicol j 


Me0/\ 

HOi^ y NOg ’ 

Br 


5-Nitroguaiacol (5 grams) dissolved in acetic acid (50 c.c.) was 
brominated by the gradual addition of bromine (5 grains) dis¬ 
solved in acetic acid (20 c.c.). After half an hour, the mixture 
was diluted with water, and the solid collected and recrystallised 
from aqueous alcohol. The substance is obtained in pale yellow 
needles, which become prisms if allowed to remain in contact with 
the solvent, and in either crystalline condition melts at 150°: 

0*1364 (0*1206) gave 0*1032 (0*0913) AgBr. Br = 32*2 (32*2). 

C 7 H(. 04 NBr requires Br = 32*3 per cent. 

The substance is readily soluble in aqueous sodium carbonate 
to a red solution. 

f)-Bro 711 0-5 -r/ ifro vemtrole, 



The foregoing bromonitroguaiacol was methylated by shaking 
its warm solutioji in aqueous sodium hydroxide wdtli methyl 
sulphate. The pale yellow substance was collected and crystal¬ 
lised from alcohol. The slender needles melted at 81—82°, and 
when mixed with specimens of 5:4- and 6:4-bromonitroveratrole3 
the melting point was depressed: 

0*1175 gave 0*0840 AgBr. Br = 30‘4. 

CgHg 04 NBr requires Br = 30*5 per cent. 

This substance is rather readily soluble In organic solvents, and 
dissolves in sulphuric acid to a bright red solution, from which it 
may be recovered unchanged on the addition of water, 

Bi^ominatioiv of 4c-Nit7'ove7*atTole, Foiinatioih of ^-BromoA- 
mtrogiiaiaeol and of ^-BroinoA-iniroveratrole, 

4-Nitroveratrole (10 grams), chloroform (20 c.c.), and bromine 
' (9 .grams) were heated together during forty-eight 'hours,'in' a 
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sealed tube placed in boiling water. After tlie reactioiij etlier 
was added and the solution shaken with concentrated aqueous 
sodium hydroxide. The precipitated sodium salt was collectedj 
washed with ether, dissolved in w-ater, and acidified wdth hydro¬ 
chloric acid. The separated nitrophenol was collected and crystal¬ 
lised from alcohol and again from benzene, and obtained in pale 
yellow, glistening needles, which melted at 150—152*^' with some 
decomposition, and was identified with 6-bronio-4-iiitroguaiacol, 
wliicli Meldola and Streatfeild {loc. cif.) obtained by the broiiiina- 
tion of 4~nitrogiiaiacol, and which was also prepared b}^ K-obertsoii 
(loc, eit.) by nitrating o-bromoguaiacol. The melting points 
assigned to the substance by these authors are respectively 142° 
and 148° 

The ethereal solution from the separation of the sodium, salt 
was well washed with water, dried, and evaporated. The residue 
was fractionally crystallised at first from methyl alcohol and later 
from ethyl alcohol, and separated into unchanged nitroveratrole 
and a small proportion of the more sparingly soluble 6-bromo-4- 
iiitroveratrole, which crystallised in slender needles melting at 
112—113° 

The substance is more readily obtained by methylating 6-bromo- 
4-nitroguaiacol by means of methyl sulphate in the usual manner. 

4:-Bronia~b-nitrocatecliol Methylene Ether (IV). 

This substance has been prepared by Oertly and Pictet (Jicr., 
1910, 43, 1336) by the action of nitric acid on bromopiperonylic 
acid, and an identical compound is obtained by the nitration of 
an acetic acid solution of bromocatechol methylene ether pro¬ 
duced in its turn by the brominatioii of catechol methylene ether 
dissolved in acetic acid by means of bromine vapour (from 1*2 
anols. of bromine) diluted with air. 

Another method of preparation depends on the displacement of' 
the amino-group of, 5-nitro-*4-aminocatechol ^ methylene ether, by 
bromine by'means of the diazo-reaction. The amine was dissolved 
in concentrated aqueous hydrobromic acid and diazotised by the 
addition of^ sodium .nitrite, until a clear solution was obtained 
on treating ,a test portion with water. The solution was diluted, 
treated with copper powder, and allowed To'remain overnight, and 
then extracted with ■ ether. The bronionitrocatechol methylene 
ether which passed into the ether was obtained by evaporation of 
the solvent and' crystallisation of the residue from alcohol. The 
^ pale yellow needles melted at 89°, and the substance was identical 
^ with 'the compounds.' obtained , by ^ the "other 'methods here 
described' .' . ,. 
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Tlie most convenient process for tlie production of tliis substance 
is, however, the iiiLration of bromopiperonal. 

The reaction proceeds in acetic acid solution, hut it is better to 
add the aldehyde (15 grams) gradually to nitric acid (100 c.c,, 
D 1*42) during an hour with careful cooling. The product partly 
crystallises from the solution, and, after the addition of water, 
may be collected and crystallised from alcohol. The yield of pure 
broinonitrocatechol methylene ether melting at 89°, and cpiite 
identical with the substance obtained as described above, is very 
good, and there can ])e no doubt that this is the substance which 
Oelker (Joe. cit.) recorded as a bromonitropiperonal. 'The follow¬ 
ing analyses were made of this nitration product of bromo¬ 
piperonal : 

0T312 geave 01657 CO^ and 0*0237 HoO. C=34*4; 11 = 2*0. 
0*1306 „ 0*0983 AgBi\ Br = 32*l. 

CyHANBr requires 0 = 34*2; 11=1*6; Br = 32*5 per cent. 


4-7iro/no-5 \ nitrocatechol Methylene Ether. 

This derivative may be obtained directly from bromopiperonal 
or, better, from bromonitrocatechol methylene ether by dissolving 
either in an excess of cold nitric acid (D To2). The sparingly 
soluble substance crystallises from ethyl alcohol in pale yellow, 
prismatic needles melting at 172°, which is the melting point 
assigned by Oelker (loc. cut.) to his supposed bromodinitro- 
piperonal: 

0*1437 gave 0*1534 COo and 0*0153 ll.fi. C = 29*l; H = T2. 

0*1527 „ 0*0982 AgBr. Br = 27*4. 

CkTL^OijNoBr requires G = 28*9; H=T0; Br = 27*5 per cent. 

6~Broin-??itroham overafrole (XV). 

Bromine (7 c.c.) dissolved in acetic acid (50 c.c.) was added to 
a mixture of homoveratrole (20 grams) and acetic acid (10 c.c.). 
Rise of temperature was checked during the addition, and the 
halogen was rapidly absorbed and the product isolated in the 
usual manner, Q-B'nnnohomoveirifrole is an oil with a pleasant 
aromatic odour, and boils at 267°; 

0*1422 gave 0*1153 AgBr. Br=34*5.; 

CoHjiO^Br reqiiires Br = 34*6 per cent. 

Attempts were made to bring this substance into reaction with 
magnesium in order to facilitate the synthesis of «z-hemipixiic acid, 
but without success. 

' The bromo-derivative (20 grams) in acetic anhydride (40 c.c.) 
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was cooled in ice water, and a ]3revioiisly prepared, well-cooled 
mixture of nitric acid (15 c.c., D 1*42) and acetic anhydride 
(40 c.c.) gradually added. After half an hour, the reaction mix™ 
tiire was poured into water and the precipitated oil washed with 
several changes of dilute aqueous sodium h35^droxicIe. The oil soon 
solidified, and was collected and crystallised from methyl alcohol, 
from wdiich it separated in long, pale yellow needles melting at 
121 °: 

0*1520 g;ave 0*1029 AgBr. Br = 28*8. 

CgH^oO^NBr requires Br = 29*0 per cent. 

The Goiistitiition of this substance is deduced in the following 
manner. Bromohomoveratrole is oxidised by warm alkaline 
potassinin peiiiiaiiganate solution to 6-bromoveratric acid, which, 
however, was not identified as such, but was converted by nitric 
acid into 4-bromo-5-nitroveratrole. The hroinination product of 
honioveratrole is therefore 6-bromohonioveratrole, and the nitro- 
group in the derivative must occupy either the position 5 or 2. 
That the substance is not an o-nitrotoluene is shown by the fact 
that it does not contain an activated methyl group, and, for ex¬ 
ample, 'Will not condense with cotarnine in alcoholic solution in 
the presence of sodium etlioxide. In connexion with another 
investigation, one of us has recently prepared 2-nitroliomoveratrole, 
and this may be converted intO' an anhydrocotarnine derivative. 
Moreover, since the introduction of halogens usually increases the 
facility with which such condensations are effected, it seems that 
the bromonitrohoinoveratrole must Jiave the constitution here 
assigned to it. The formation of this substance was utilised in 
order to show that the action of bromine oti a solution of 4:5"('li- 
metlioxy-o-toluic acid (Perkin and Weizmann, T., 190G, 99, 1651) 
ill aqueous sodium carbonate leads to the quantitative forinaiioii 
of 6-bromohom,overatroie. The authors are greatly indebted to 
Professor W. H. Perkin for the provision of a specimen'll' the 
acid in question. 

.NO, 

Q-Bro77w-2-nitrov€mtraldeh^ MeO' 

6-Bromoveratraldehydo,' was nitrated by slowly adding the 
powdered substance to ten times its weight of nitric acid (D 1*42), 
checking undue rise of temperature by cooling in water, and, when 
the solid had passed into solution, the mixture was allowed to 
remain'during half an hour and ■ then poured into water. The 
precipitate was collected and dissolved aS' far as, possible' in a 
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solution of aodiiini liydrogen sulphite. The residue was crystal¬ 
lised from alcohol, and the pale yellow needles were identified as 
4-bromo-5-iiitroveratrole, melting at 124°. The anioiint of this 
siihstaiice which w^as obtained was relatively small. The hydrogen 
sulphite solution was decomposed by the addition of sodium 
carbonate, and the precipitated aldehyde collected and crystallised 
from alcohol. The very pale yellow needles melted at 109°: 

0T259 gave 0*0809 AgBr. Br=27*3. 

C 9 lTg 05 NBr requires Br = 27'6 per cent. 

The constitution of this substance is demonstrated by the forma¬ 
tion of the indigotin derivative described in the next section. 

4 ^BihromoS :7 : 7 ^ -tetramethoxf/indigotin, 

Br Br 



OMe OMe 


The bromonitroveratraldehyde (4 grams) was dissolved in 
acetone (30 c.c.) and aqueous potassium hydroxide (5 c.c. of 10 
per cent.) added. After a minute, the mixture was diluted wuth 
water (100 c.c.) and boiled during five minutes. The precipitated 
indigotin was collected and washed with hot alcohol, dried, and 
crystallised from nitrobenzene: 

0T281 gave 0*0890 AgBr. Br = 29*6. 

0 i, 9 Hj( 50 tjF 2 Br 2 requires Br = 29*6 per cent. 

The substance is obtained in slender needles which have a par¬ 
ticularly brilliant coppery lustre, and do not melt at 360°, but at 
about this temperature begin to carbonise. It is extremely 
sparingly soluble in solvents, and its dilute solutions in boiling 
nitrobenzene and aniline are pure blue. 

The purple solution in sulphuric acid quickly becomes blue. 


5-Bromovera traldfihyde. 

This substance has been previously prepared by Dakin (Amer. 
Chein. 1909, 42, 494) by the methylation of 5~bromovanillin 
with methyl sulphate and potassium hydroxide, and also by 
Pschorr, Selie, Koch, Stoof, and Treidel {Annaleny 1912, 391, 31) 
by a similar process applied to the product of broinination of 
protocateohualdehyde, but these authors give no details of the 
process employed. Our experiences in this connexion indicate' a 
precaution which it is' desirable to. take, in methylating phenolic 
aldehydes. 
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Vaidllin was bromiiiated in acetic acid by means of ratber 
more tliaii a molecular proportion of bromine, and tli© bromo- 
aldeliyde was then methylated by methyl sulphate and potassium 
hydroxide in alcoholic solution. ’*Tlie operation was not entirely 
satisfactory owing to the readiness with which the aldehyde under”" 
goes the Cannizzaro reaction, and no more than a 50 per cent, 
yield could be obtained. The conditions were similar to those 
which gave good results in the preparation of veratraldehyde 
(Perkin and Pohinson, T., 1907, 91, 1079), but for the reason 
iiientioiied the solution should never be allowed to become very 
strongly alkaline. On the addition of water, an oil separated, and 
usually slowly crystallised when the mixture %vas kept in a cold 
place. Occasionally, ho\vever, the oil could not be solidified, and 
was dissolved in ether and the aldehyde extracted by a solution 
of sodium hydrogen sulphite, from which it w^as regenerated as a 
readily, crystallising oil by the addition of sodium carbonate. The 
substance was collected and dried and crystallised from light 
petroleum, from which it separated in felted needles melting 
at 62^. 

On acidifying the alkaline solution from which the aldehyde was 
originally separated, a crystalline precipitate was obtained, and 
this was identified as 5-bromoveratric acid. The substance crystal¬ 
lised from -water in needles melting at 19 P, and the silver salt 
was prepared. (Found: Ag = 29*2. Calc.: Ag“"29*4 per cent.) 
The ethereal solution from which the aldehyde had been extracted 
by repeated wasliing with sodium liydrogen sulphite “was dried 
and evaporated, and a yellow oil remained; tliis could not be 
crystallised, but was readily converted into a solid nitro-deriv- 
ative l)y the action of nitric acid in acetic ruud sohition in 
the cold. The substance crystallised from alcohol in pale yellow, 
slender, brittle needles melting at 115“^. This substance does not 
show the properties of a nitrobenzyl alcohol, and is unchanged 
after treatment with acetyl chloride^ or -with benzoyl chloride in 
the presence of pyridine. On oxidation with potassium perman¬ 
ganate ill alkaline solution, it yields the broinonitroveratric acid 
which is mentioned in the next'section. It may be synthesised in 
the following ina'nner. 6-Bromoveratraldehyde dissolved in a little 
alcohol was added to a concentrated solution of potassium hydr¬ 
oxide, and the mixture well shaken from time to' time during three 
, days. The bromohomeveratryl alcohol was extracted with ether, 
and any unchanged aldehyde removed by shaking the solution 
; with' aqueous sodium hydrogen sulphite. The extract waS' then 
dried and evaporated and' the residue warmed with concentrated 
aqueous hydrobromic, acid. On the addition of water, a,crystal- 
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line substance was obtained, whicli was collected and thoroughly 
dried and then added to a solution of sodium metlioxide in abso¬ 
lute methyl alcohol. Sodium bromide separated, and after gently, 
warming on the steam-bath during fifteen minutes the addition of 
water precipitated an oil, which was isolated and nitrated, and so 
converted into the substance which is under discussion This 
result clemonstrates that the nitro-derivative is ^-hromo-^-nitro-i- 
riictlhoxymethylvercitrole. Not only has the aldehyde been con¬ 
verted by the action of the alkali into the corresponding alcohol, 
but the latter has been transformed into its methyl ether by the 
action of the methyl sulphate. 

b-Bromovej'atraldoxime .—This derivative, obtained in the usual 
manner, crystallises from alcohol in needles melting at 85^. 


5-.Bromo-6-mi?roreraf raZf/e7iy<^c; Z-Bromo-^ *. h~dinitroveratrole^ 

Meo/b^HO Meo/NNO^ 

MeOl^yNOj ’ MoUl^yNOa' 

Br Br 

5-Bromoveratraldehyde was dissolved by very gently heating in 
ten times its weight of nitric acid (D 1*42), and the mixture 
allowed to remain overnight, when a considerable proportion of 
the nitro-derivative was found to have cr^^stallisecl from the solu¬ 
tion. Water was added, and the substance collected and crystal¬ 
lised from alcoho]. There was no evidence of the formation of 
substances other than the nitro-aldehyde, and the colourless needles 
melted at 138^^: 

0*1310'gave 0*0850 AgBr.' Br=27’6. 

CfjHgOj^NBr requires Br~27*6 per cent. 

The constitution of the substance \vas proved liy oxidation to 
the corresponding acid and the transformation of this into a 
bromodinitroveratrole, which could he reduced to 4:5-diaiiiino- 
veratrole. The aldehyde was finely powdered and suspended in 
fi^-potassium hydroxide, and then oxidised hy potassium perman¬ 
ganate at 100^ during half an hour. The permanganate was 
added gradually and so that there was always a moderate excess 
of the reagent. The oxidation of the aldehyde was found not to 
proceed in a satisfactory manner unless the solution was strongly 
alkaline, and this , appears to'be a general rule for such nitro- 
aldehydes, no doubt because' the conversion to alcohol and acid 
assists'the process, ^ After the, operation, the excess of oxidising 
agent was decomposed by alcohol a,nd the, yellow, filtered 'Solution 
acidified with hydrochloric ,acid.■ ^ The'colourless precipitate''was 
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collected, and consisted of b-hr()}noS-nitroiH;j'tiiric acid, wliicli is 
sparingdy soluble in water and may be crystallised from dilufco 
acetic acid,, being obtained in colourless bnnclies of needles melt™ 
iiig at 207^^. 

This acid,, in view of its method of preparation, must be remark¬ 
ably resistant towards potassium permanganate. It crystallised 
unchanged from nitric acid (D 1*4), but when boiled with an excess 
of fiiniiiig nitric acid (D 1*52) was transformed into ^~hromo-i:h- 
dmiiroveratrolc by elimination of the carboxyl group. The pro¬ 
duct was washed with dilute aqueous potassium hydroxide and 
crystallised from alcohol, being obtained in pale yelloAV needles 
melting at 12P: 

0*1149 gave 0*0712 AgBr. Br=::26*4. 

CgHyO^jNoBr requires Br = 26*l per cent. 

This substance was also obtained by the action of fuming nitric 
acid on 6-bromo-5™niiroveratrole. Vigoroiis reduction removed the 
bromine atom, and in order to ensure the completion of the reac¬ 
tion the following method was used. The hroinodinitroveratrole 
(1 gram), dissolved in hot alcohol (30 c.c,), was mixed with hydro¬ 
chloric acid (5 c.c.) and zinc dust (10 grams) added in one portion. 
The stormy reaction over, water was added, and the mixture boiled 
during four hours. The solution was filtered, mixed with an 
excess of sodium acetate and with a solution of phenantlira- 
quinone (1*5 grams) in aqueous sodium hydrogen sulphite, and 
heated to boiling. The precipitated phenazine derivative was 
crystallised from acetic acid and then thrice from xylene, and 
obtained in slender, yellow needles melting at 2G0®, which were 
identified with 2 : 3~cIimethoxyphenanthraphenazine (Moureu, 
(Jonfpt, rend,, 1896, 123, 33). 


7 : l^-DibronioS : 6:5'': &‘tetramethoTj/md/if/otin, 
,MeO 


Br 


Br 


This substance was obtained from 5-bromo-6-nitroveratraIdehyde 
by the employment of a method precisely identical with that 
described above for an isomeride. The indigotin derivative was 
produced in good yield, and was crystallised from nitrobenzene, 
in which, as in all other solvents, it is very sparingly soluble, and 
obtained in deep blue needles which have a bronze glance, but 
not a particularly striking one. The substance does not melt or, 
appear to decompose at 360®: ■ 
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0'i463 gave 0-1022 AgBr. Br = 29*7. 

CoQlIj^^O^.NoBr requires Br = 29'6 per cent. 

TKe solution in siilpliuric acid is intense royal-blue and does not 
cdiaiige on keeping*. 

%-Nitroveratryl-A : ^-tlviotriazo verairole (XI). 

4:5-Diiiitroveratrole (9 grams) was dissolved in liot alcobol 
(300 C.C.), mixed witli aqueous ammonia (50 c.c., D 0’88), and tke 
liquid rapidly saturated with hydrogen sulphide. In a few 
minutes a crystalline precipitate separated, and was collected and 
crystallised by adding alcohol tO' its solution in nitrobenzene, and 
then several times from xylene: 

0*1174 gave 0-2122 CO^ and 0*0433 Hop. G=49-3; H = 4*l. 

0*1260 „ 15*4 c.c. No at 19° and 763 mm. N = 14*4. 

0*1243 „ 0*0712 BaS04. S = 7*9. 

C 1 J-I 30 O 0 N 4 S requires 0 = 49*0; H = 4*l; N = 14*3; S = 8*2 per cent. 

The orange, lanceolate prisms melt at 219°, and this substance is 
very sparingly soluble in most organic solvents. It dissolves in 
sulphuric acid to a Bordeaux-red solution, and on the addition of 
water is precipitated unchanged; in this and other respects it fails 
to exhibit any basic properties. 


%-Aininov€ratryl’-4 :: h-thiotriazovei'atrole. 

The iiitro-derivative (10 grams), mixed with hydrochloric acid 
(50 c.c.) and acetic acid (10 c.c.), was heated on the steam-bath 
with an excess of granulated tin until all the orange compound 
had entered into reaction and its place "was taken by a colourless, 
crystalline precipitate of the hydrochloride of the new base. Since 
the separation of this salt appeared to be quantitative, it was col¬ 
lected, dissolved in water, and decomposed by the addition of 
potassium hydroxide. The base was several times recrystallised 
from alcohol and from toluene, and obtained in characteristic 
stellar aggregates of colourless leaflets with a satiny appearance, 
melting at 114°: 

0*1165 gave 0*2272 CO., and 0*0558 Tip. 0=53-2; H = 5*3. 

'0*1317 „ 17*4 c.c. N. at 16° and 762 mm. N = 15*7. 

0*1490 „ 0*1006 BaSb^. S = 9*2. 

'requires 0=53*0; H = 5*0; N = 15*5; S = 8’9 per cent. 

The pure' si;ibstance dissolves iii sulphuric acid to a colourless 
solution,' but the crude material contains an impurity which 
develops a rose colour under these, conditions, and this hecomc'S 
deep blue, and finally violet, on the addition' of water. The salts 
of the, base, are rather sparingly,.soluble, and the hydrochloride 
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ciystaliises from liot water in slender, colourless needles, and on 
tile addition of ferric cliloride to its dilute aqueous solution, a 
splendid deep blue coloration slowly appears. This reaction is 
cliar act eristic of many veratrylamine derivatives, and is tlie result 
of oxidation, wliicli in the case of bomoveratrylainiiie was sliown 
(Luff, Perkin, and Robinson, T., 1910, 97, 1137) to lead to tlie 
prochiction of a ;^7-qmnon6 by eliniiiiatioii of tbe amino- and 
luetlioxy-groiips. There was evidence that the reaction proceeded 
in a similar direction in the present instance, but the qiiinoiie 
could not he isolated in a pure condition. 

The base is diazotisable, and the azo-jS-naphthol derivative is 
intense crimson and was obtained in part in a colloidal condition, 
so that even a filtered solution appeared tO' have violet fluorescence, 
due, howevei*, to suspended particles. The acetyl derivative of 
the base could not bo obtained in a crystalline condition. It is 
produced on warming the amine with acetic anhydride, and, after 
the addition of water, a clear solution is obtained from which the 
acetylamino-compound is precipitated only by the addition of 
alkali. It is not diazotisable and gives no colour with ferric 
chloride, so that, the acetylation being complete, it is evident that 
basic function can in some circumstances be exercised by the 
heterocyclic nucleus contained in these curious substances. 


5(or 6)-xT///’0“6(or oycanuio-l :2 :4:~frunetJiO:ri/hen:<eue, 

' ml 

M«o/\nO, 

M«o!^ ^OMe Meol^ _^OMe ' 

The behaviour of dinitroveratrole on reduction wnth ammonia 
and hydrogen sulphide induced us to investigate, other cases of a 
similar 'character, and having,iu our possession a specimen of 
5:6-dinitro4 :2 :4-trmethoxybenzene (Blanksma, Chetn, Weehhlad^ 
1912, 9, 440), 'we applied' the reaction to this substance and 
obtained as sole product'n nitroamine., A mixture of 5,:6-diiiltro- 
1; 2:4-trimethoxybenzen6 (7 grams), ethyl alcohol (100 c.c.), and 
aqueous ammonia (80 c.c., D 0*88) was saturated in the cold with 
hydrogen sulphide, and then boiled under reflux 'during half an 
hour. The liquid was diluted with water and allowed to remain 
ill the'ice-chest, when long yellow needles, gradually separated, and 
were collected and crystallised' from water and then from a' mix¬ 
ture of benzene and light petroleum (b. p. 50—60^). The sub¬ 
stance' crystallises in 'bright or'ange-yeliow needles or in, well- 
Refined, orange’' prisms'melting at 118^:' 
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0-1146 gave 0-1986 CO. and 0'0538 HgO. C = 47*3; H^5-2. 

C 9 II 12 O 5 N 2 requires C=-47'4; H=5*2 per cent. 

Tlie melting point of this substance was quite sharp and the 
appearance of the crystals did not vary, so that it seems that only 
one of the two' possible nitroamiiies was actually obtained. The 
base dissolves in concentrated hydrochloric acid, but a pale yellow 
hydrochloride soon separates in prisms. On the addition of water 
the salt is decomposed and the orange base precipitated, and on 
the further addition of a solution of sodium nitrite a clear yellow 
solution of a diazoniiim salt is produced. The latter gives with 
excess of sodium acetate and jS-naphthol a scarlet azo-compound 
dissolving in sulphuric acid to an intense blue solution, w^hich 
becomes crimson on the addition of water. 


1:2-J/ ethylenedioxy^henanthy'aphenazine^ 
. CJI.O N ^ 


o 


N 




4-Bromo-5: 6 -dinitrocatechol methylene ether (4 grams) and tin 
(5 grams) were mixed with a solution of stannous chloride (10 
grams) in concentrated hydrochloric acid (15 c.c.) and acetic acid 
(10 C.C.), and shaken in a bottle at the ordinary temperature until 
the solid nitro-compound had disappeared. The solution was 
diluted and the tin eliminated as sulphide, and, after boiling the 
filtered liquid, excess of sodium acetate and then a solution of 
phenanthraquinoiie (3 grams) in hot aqueous sodium hydrogen 
sulphite was added. The mixture vras boiled during three minutes, 
and the yellow precipitate was collected, washed with boiling 
water, and dried. It was then dissolved in boiling acetic acid and 
the solution distilled until crystallisation commenced; the material 
so obtained had a bronze lustre in mass, but under the microscope 
was seen to consist of transparent, yellow, elongated, rectangular 
prisms. For analysis, the substance was recrystallised from 
toluene and obtained as a copper-bronze powder consisting of leaf¬ 
shaped crystals. It melts at 307—309®^ and is very sparingly 
soluble in most organic solvents: 

01282 gave 0*3648 COg and 0*0448 G = 77*6; 11=3*9. 

requires'0 = 77*7; IT=3'7 per cent, ^ 

The substance dissolves in sulphuric acid to a rose-red solution, 
but, is especially characterised by the intense green' fiuorescence 
exhibited by "Its .yellow; solutions, in neutral organic solvents. The 
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isomeric 2 : S-metliyknedioxyplieiiaiitliraplienasiine gives very palo 
yellow solutions wliicli exhibit violet fiuorescence. 


i~Bromo~l : 2~Mmethoxj/flienanthraphenazine^ 
OMe N tt 
>/\/\/? ^ 


MeO,^ 


\/\/% 

Br N 




4-Bromo-o: 6-diiiitroveratrole was treated exactly as described 
for the metbyleiiedioxy-derivative in the last section, but tlie pre¬ 
cipitated phenazine was in this case ci’ystallised from xylene. 
Bright yellow clusters of needles melting at 206—208*^ were 
obtaiiiedy and the same snbstanGe,was produced by the brominatioii 
of 1:2-dimethoxyphenaiithraphenazihe. , in acetic acid, solution and 
suspension: 

0*1083 gave 0*0493 AgBr, Br = 19*4. . 

C 22 Hj 50 j)ISF 2 Br requires Br = 19*i per cent. ” __^ 

The solution in sulphuric acid is reddish-purple, and in benzene 
or alcohol yellow with weak green fluorescence. 


1:2 'A'Ti'imethoxyphenarithraplieiumnc^ 

0H4 

The nitro-aniline (0*5 gram), obtained as described above by the 
reduction of 5 :6-dinitro-l: 2; 4-trimethoxybenzene, was dissolved in 
hot alcohol (10 c.c.), mixed with concentrated hydrochloric acid 
(3 C.C.), and zinc dust added until the solution was quite colour¬ 
less. After diluting with water, the .filtered liquid wa 9 . saturated 
with sodium acetate and mixed with a "' solution of phenantlira- 
quiiione (1 gram) in aqueous sodium hydrogen sulphite. The 
mixture was boiled during five minutes, ai4d the precipitated plien- 
azine derivative was then collected and' crystallised from alcohol, 
from.' which it. separated in bright yellow,, felted needles meltinv 
at 186®: / 

.'0*0992 gave 0*2729 CO 2 and 0*0449 1140. 'C = 75*0; H==:5'0. 

C23Hi803H2 requires 0=74*6; |I = 4*9 per cent. 

The substance is sparingly soluble and its dilute solutions do 
not exhibit visible fluorescence. The solution in sulphuric acid 
is magenta, and becomes brownish-green 011 ' dilution with water. 


OMeH 




OMe N ^ 
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Binitropyrogallol trimetliyl etlier (Will, Ber.^ 1888, 21, 612) 
was converted into a plienanthraphenaziiie derivative by reduction 
with zinc and hydrochloric acid in alcoholic solution, followed by 
condensation with phenanthraquinoiie, dissolved in sodium 
hydrogen sulphite solution, in the presence of excess of sodium 
acetate. The substance was crystallised from acetone and 
obtained in pale yellow needles melting at 180°; 

0-1133 gave 0*3110 CO^ and 0*0487 HgO. C = 74*S; H-:4*8. 

C 23 HJ 3 O 3 N 2 requires C = 74*6; 11=4*9 per cent. 

The solution in sulphuric acid is intense reddish-purple, and 
on the addition of water becomes reddish-brown. Much water 
precipitates a red substance, and the solution becomes colourless. 
Dilute solutions in benzene or alcohol are non-fluorescent. The 
substance is quite distinct from the 1 : 2 :4-trimethoxyj)h6iianthra~ 
phenazine described above. 

UHiVEBSiTy or Sydney. [Eecdved, September 1917.] 


LXXVIIL —The Scission of Certain Substituted Cyclic 
Catechol Ethers. 

By G-ertrude Maub Robinson and Robert Robinson. 

It was observed (G. M, Robinson, this vol., p. 113) that, on 
attempting to produce an azoxy-derivativ© from 4-'nitrocatechol 
methylene ether (4-nitromethylenedioxyb6nzene) (I) by the action 
of sodium methoxid© in methyl-alcoholic solution, the sole product 
was a nitrophenol, although the corresponding reaction with nitro- 
veratrole proceeds smoothly in the normal manner. On further 
investigation, the nitrophenol was readily identified as 5-nitro- 
guaiacol (II), and the process ■ appeared at first sight to be one of 
reduction. However, an alternative view' suggested itself, namely, 
that, the methoxy-group was derived from the methyl alcohol used 
'as solvent, and this was proved, to be the' case, since, when ethyl 



930 


HOBI^rSOiSJ' AND ROBTN.'^ON : THE SCTSSIOH 0¥ 


alcoliol was iisedj a quantitative yield of 5-nitro-2-etliosyplienol 
(III) was obtained. 




ho/Nno. 

MeO' 


HodbNO., 


EtO; 


(I.) 


(II.) 


(in.) 


Tile meciianism of tlie reaction is therefoi’e to be represented in 
the following riianner: 


P>Cn2 + RONa 


NO./hoH 

'xpuB, 


+ OH^O + NaOH. 


Blanksiiia {fJhem, JVeehhlacl, 1909^ 6, 313) has deinoiisirated 
the reversible interchange of alkyloxyl groups in iiitro-, and 
especially dinitro-, phenol ethers, and, for example, 2:4-diiiitro- 
anisole is changed in ethyl-alcoholic solution in the presence of 
traces of alkali into 2:4-dinitrophenetole; but in the majority of 
instances inoiionitrophenol ethers are unchanged under these con¬ 
ditions. In the case of nitrocatechol methylene ether, the greater 
reactivity may be due to the influence of the oxygen atom in the 
meta-position with respect to the nitro-group on the distribution 
of afEnity, and this is conflrmed by the observation that we find it 
impossible to realise a similar reaction in the case of iiitroethyiene- 
dioxybenzene (IV), in which substance the oxygen atom is one 
further removed from the point of attack. Cardwell and 
Bdhhison (T., 1915, 107, 255) showed that 5~nitroguaiacol is 
obtained by the hydrolysis of nitroveratrole with liydrobromic 
acid, aiKr‘'4kat its acetyl derivative results when acetyignaiacol is 
nitrated. SnUilariy? hydrolysis of nitrocatechol diethyl ether 
with hydrobroiBit^-vacid is .now found to yield 5“iiitro-2“eiboxy" 
phenol, and the benz^b45rivative (V) of this siiib0:aiice Is obt;viiU3d 
by the nitration of 

NO, 

GHj-o/XnOs Bzod^iXO., CH^-o/XnO, 
CHj-oPP CHj-oppNO; 

(IV). (V.) (VI.) 

In order to examine the scission of the ethylenedioxy-ring, we 
submitted 4:5:6-trinitroethylenedioxybenzene. (VI) to the action 
of ammonia. It was quickly changed to a mixture of 3:5-dinitro- 
2:4-diamino-i8“liydroxyethoxybenzene , (VII)' a'iid ' 4:5-dmitro-6- 
aminoethyieiiedioxyhenzene^ (VIII).' The benzoyl derivative, (IX) 
bfdlie former substance'exists in two highly characteristic chroino- 
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isomeric iiiodificatio'ns, whicli are described in tli© experimental 
portion on p. 938. 


NO^ 

HO-CHa-CH^-Oi^pNOj 

(VII.) 


ch,-o/\no, 

CHj-ol^yNOj 

(vni.) 

NOj 

nh,/\nh2 

EzO-OHs-OHa-dl^pNOa 

(IX). 


The substance VII is rapidly and quantitatively hydrolysed by 
hot aqueous alkali hydroxides, with the production of two mole¬ 
cules of ammonia and the phenol X, which was transformed into 
the well-known dinitrocliaminoanisole (XI), as shown below. 


no 

IIO-Ci-Jg-CHs-O 


NO, 

NO, 



/^lOH 

uo/\oH 

MC2S04 




KaCO^S^ 


(X.) 





NO, 


NO, 


MeO/NoMe 

XHs 

NHs/NnH, 


AleCqpNO, 


MeOl^yNO, 




(XL) 


In view of the close analogy which exists between the hydroxyl 
of the carboxyl group and the hydroxyl of Ojf>-dinitrophenols, it is 
interesting to note that the substance X shows no tendency to 
form an internal anhydride. It would be fair to conclude from 
this that lactone-formation in some way involves the whole carb¬ 
oxyl group, and not merely the acidic hydroxyl of that group. In 
the nitrophenols it is the whole conjugated system extending from 
the nitro-groiip to the hydroxyl that corresponds with the carbonyl 
in the acids, and the steric conditions favourable to lactone- 
formation are accordingly not .necessarily present in the dinitro- 
phenol (X). 

The constitution of the dinitroamine VIII was proved by 
eliminating the amino-group, when 4: b-dinitroethyleiiedioxy- 
benzene was obtained. The nitro-groups in positions 4 and 5 in 
triiiitroveratrole have previously been shown to be displaceable 
under certain conditions, but this is the first example of the dis¬ 
placement of the 6-nitro-group in a trinitrocatechol ether. We 
are inclined to assignlhe result to the unexplained influence‘‘which' 
a fused ring has on the a-position in rendering atoms and groups 

VOT^ OXI. O O 
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attached at tliis point more liable to substitution and displace¬ 
ment. Naplitlialene, for example, yields a-iiitroiiapiitlialeiie on 
nitration, and the reactivity of groups in the 1-, 4-, 5-, or S-posi- 
tioiis in substituted aiitliraqiiiiiones may also be cited. 

Experimental. 

Prepm'ation of 4:~Nitrocatechol Methylene Ether. 

Salway lias shown (T., 1908, 95, 1163) that the nitration of 
piperoiial yields iiitrocatecliol methylene ether in addition to 
iiitropiperonal, and when the former substance is the object of 
preparation, the nitroaldeliyde may be converted, as described in 
the foregoing communication, into 5-nitro-4-amiiiocatechoI 
methyleiie ether (compare p. 915), from which the amino-group 
may be eliminated in the usual manner. 5-Nitro-4-aminocatecliol 
methylene ether (9 grams) was mixed with alcohol (150 c.c.), 
sulphuric acid (15 c.c.), and powdered sodium nitrite (5 grams), 
and the solution boiled during five minutes, after which a further 
quantity of sodium nitrite (4 grams) was added and the heating 
continued for five minutes longer. The crystalline precipitate 
obtained after the addition of water was collected and dried, and 
weighed 8 grams. After crystallisation from alcohol the substance 
melted at 147*^, and at the same temperature, when mixed with a 
specimen of 4-iiitrocatechol methylene ether obtained by the nitra¬ 
tion of piperonal. 

Fontiafion of 3-Nifror/uaiacol hy the Inferacfh>n of A^ifrocatechol 
Methylene Ether and Sod hem Methoimle, 

Nitrocateeliol methylene ether (IT grains) was heated on the 
steam-bath with a solution of sodium metlioxide (from 3 grams of 
sodium and 40 grams of methyl alcohol) until the red sodium salt 
of the nitrophenol crystallised from the solution. This requires 
from one to* three minutes. After cooling, the salt was separated, 
washed with ether, dissolved in water, and the solution acidified 
with hydrochloric acid. The yellow precipitate was collected 
(1*0 'gram when dry) and recrystallised from water, when it was 
obtained in needles melting at 105^, and at the same temperature 
when mixed with 5-nitroguaiacol. 

b-NitrO’-%ethoxyphenol (III). 

An almost quantitative yield of this substance was produced 
when nitrocatechol methylene ether was treated in ethyl-aicoholic 
solution with sodium ethoxide under precisely the same conditions 
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as are described above for the corresponding reaction with sodium 
methoxide. In this case no salt separated from the solution^ but 
the reaction was as rapid as in the former example. The sub¬ 
stance is more sparingly soluble in water and alcohols than is 
5-nitrognaiacol, and separates from methyl alcohol containing a 
little water in pale yellow, well-defined prisms melting at 
113—114°: 

0*1478 gave 0*2854 CO^ and 0*0671 H^O. 0-52*7; H = 5*0. 

CgH 904 N requires 0—52*5; H —4*9 per cent. 

The substance dissolves in sodium carbonate solution, and the 
orange-red colour produced can scarcely be distinguished from 
that of a similar, solution of 5-nitroguaiacoL In view of the fact 
that 4-nitroguaiacol dissolves in sodium carbonate to a yellow 
solution, this behaviour indicates the constitution of the sub¬ 
stance, and the matter is placed beyond doubt by the preparation 
of 5-nitro~2-ethoxyphenol by the two following methods, which in 
the corresponding methoxy-series lead to 5-nitroguaiacoL 

(il) 2-Ethoxypheiiol was benzoylated by an application of the 
Schotten-Baumann reaction, and the dry benzoyl derivative dis¬ 
solved in an excess of cold nitric acid (D T42). Undue rise of 
temperature was checked, and, after ten minutes, the clear solu¬ 
tion was added to water and the precipitated oil induced to solidify 
by the usual methods. The solid was collected and crystallised 
from methyl alcohol, when it was obtained in felted masses 
of slender, colourless needles melting at 101—102°: 

0*1108 gave 4*7 c.c. at 18° and 762 mm. N = 5'0. 

CisHigOriN requires IST —4*9 per cent. 

5~Witro-2-ethoayi/pJie7i]/l benzoate was dissolved in boiling ethyl 
alcohol and hydrolysed by the addition of a solution of three times 
its weight of potassium hydroxide dissolved in water. After heat¬ 
ing on the steam-bath during three minutes, it was found that a 
sample was completely soluble in water. Excess of alcohol was 
removed, the residue dissolved in water, just acidified with hydro¬ 
chloric acid, and then treated with sufficient aqueous sodium 
carbonate to restore- a faint orange colour to the liquid. Under 
these conditions, the benzoic acid remaitied in solution and the 
nitrophenol was precipitated. It was collected, crystallised from 
aqueous methyl alcohol, and melted at 112—114°, and at the same 
temperature when mixed with some of the substance prepared 
from nitrocatechol methylene ether. 

(B) 4-Mtrocatechol diethyl ether (20 grams) was heated on 

* 4 : ^-DinUrocatechol diethyl ether, does wot appear to have 

been previously prepared. It was ■ obtained in quantitative yield by 
dissolving the mononitro -derivative in nitric acid (D 1'42), In about half an 

' O O 2 
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til© steam-batii during three hours with a saturated solution (80 
grams) of liydrobrornio acid in acetic acid. After the addition of 
watery the solution was rendered .alkaline by the addition of 
sodium hydroxide, and the unchanged substance removed by filtra¬ 
tion (3 grams). The filtrate was acidified and the precipitated 
mixture of nitrophenols collected (14 grams). After several 
crystallisations from aqueous methyl alcohol, 8 grams of pure 
o-nitro-2-ethoxyphenol melting at 112—114^ were obtained. The 
melting point was not depressed by admixture with a specimen of 
the substance obtained by the method (d ) described above. The 
alcoholic mother liquors were added to the aqueous solution from 
which the crude phenol was separated, and the whole was extracted 
with ether. The recovered mixed nitrophenols were converted 
into henzoyl derivatives by treatment wdth benzoyl chloride and 
sodium hydroxide in aqueous solution, and the mixture of the 
benzoates was then fractionally crystallised from methyl alcohol. 
The most sparingly soluble substance crystallised in slender needles, 
and was recrystallised from acetic acid. It melted at 156°, and 
was identified as the dihenzoyl derivative of nitrocatechol. The 
substance was also obtained in the following manner: o~Pheiiylene 
benzoate (13 grams) was added to cold nitric acid (50 c.e., I) 1*42), 
when the benzoate became an oil which was well mixed with the 
acid. After remaining overnight, the nitration was completed and 

hour the dinitro-derivative began to separate from the solution, wbieli was 
gently warmed to ensure the completion of the reaction. Water was added 
and the solid collected and crystallised from alcohol, from which it separated 
in characteristic citron-yellow, micaceous flakes melting at 113® and rather 
sparingly soluble in alcohol. It is quantitatively converted by nitric acid in 
sulphuric acid solution to the 4:5:6-trmitrocatechol dietliyl cbtlier wliicli 
Blanksma 1005, 24, 40) has obtained by tiu^ itdration of 

4 : 6-dinitrocatechol diethyl ether. The substance melted at 122'’ atid was 
convex’ted by alcoholic ammonia into 3 ; 

crystallising from nitrobenzene in hfematite-like plates nioiting at 257® 
(Nietzki; AnnaUn^ 1882, 215, 153, and Blanksma, loc. ciL^ give 245®). 

0'495i distilled with 10 per cent, aqueous potassium hydroxide evolved 
NHj}, which neutralised 40’8 c.c. A/10-HCl, whereas this amountofasubstancr^ 
yielding 2NH^ requires 40*9 c.c. 

4; 6-Dimtrooatechol diethyl ether dissolved in hot aqueous alcoholic 
hydrochloric acid was reduced by the addition of zinc dust. The colourless 
. solution was mixed with sodium acetate and filtered. The filtrate was then 
heated with a solution of phenanthraqixinone in hot sodium hydrogen 
sulphite solution and a voluminous pale yellow precipitate of the phenazine 
derivative was quickly formed. The substance was collected and crystallised 
from xylene. 2 : ^-Diethoxyphenanthraphenazine^ crystallises in 

pale flesh-coloured needles which change on keeping "in "contact with tlio 
solvent into reciangular plates melting at 230°. It dissolves in sulphuric 
acid to a bright magenta solution, yellow on dilution with water, and in 
\ benzene to a pale yellow solution which exhibits intense violet fiuoroseenco. 
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ilie derivative iiad solidified. Water was added, and tlie substance 
collected and crystallised from acetic acid and acetone. Tlie sub¬ 
stance melted at 156^, and at tli© same temperature wlien mixed 
with the product obtained as above: 

0*2091 gave 6*4 c.c. No at 17° and 756 min. N™3*6. 

C^oH^gO^N requires N = 3'9 per cent. 

After the separation of the relatively small quantity of the 
dibenzoate, a substance crystallised in colourless prisms which is 
undoubtedly the benzoyl derivative of 4-nitro-2-ethoxyphenol. It 
could not be obtained in a pure condition, and always melted over 
a considerable range of temperature. A few crystals wer^ 
mechanically separated, and it was noted that on hydrolysis a 
nitrophenol was obtained which gave a pure 37ellow solution in 
aqueous alkali, whereas nitrocatechol gives a blood-red and 
5-nitro-2-ethoxyphenol an orange-red solution. From the niothel 
liquors, considerable quantities of the benzoyl derivative of 5-nitro-< 
2-ethoxyplieaol melting at 101° were obtained. 


4:5: ^-Tririitroethylenedioxyhenzene (VI). 

The ethylene ether of nitrocatechol is less readily nitrated than 
the corresponding dimethyl or diethyl ethers, and it was found 
desirable to operate under the following conditions, which are more 
convenient than those employed by Ghosh (T., 1915, 107, 1591) 
for the same purpose : 

4-Nitroethylenedioxybenzene (10 grams) was dissolved in nitric 
acid (100 grams, D 1*5), and, after remaining overnight at the 
ordinary temperature, water was added and the precipitate 
collected and crystallised from alcohol. The substance was 
obtained in prismatic needles melting at 132—133°, and was 
occasionally also obtained in leaflets melting at the same tempera¬ 
ture. It separated from acetic acid in plates. The substance is 
readily reduced to a diamine which gives a red coloration with 
ferric cliloricle and condenses with phenanthraquinone to the 
sparingly soluble 2 : d-ethyle^iedioxypJienahthrajihenazmej 

G22II 2 -J 

which crystallises from acetic acid in clusters of slender, yellow 
needles melting at 239—240°. The colour reaction in sulphuric 
acid and the fluorescence in benzene are indistinguishable from 
those exhibited by 2 :3-dimethoxyphenanthraphenazine. 

4 : S-Binitroethylenedioxybenzene (22 grams) was finely powdered 
and dissolved as far as possible in sulphuric acid (100 c.c.), and 
gradually nitrated by the addition, with cooling, of nitric acid 
(20 C.C., D 1*5) in sulphuric acid (20' c.c.). The dinitro-compound 
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passed into solution and the triiiitro-derivative crystallised out. 
The mixture was poured into water, and the colourless solid col¬ 
lected and crystallised from alcohol. The substance was sparingly 
soluble, and separated in laminae melting at 155—as stated 
by Ghosh (Joe. cit.). From concentrated solutions it was obtained 
in prismatic needles: 

0*1169 gave 0*1509 CO. and 0*0141 HoO. C = 35*2; B: = T4. 

CsHrjOgNg requires 0 = 35*4; H = l*8 per cent. 

Each stag© in the nitration of ethyleneclioxybenzene proceeds in 
a quantitative rnaimer. 


3 : : A.<li((mlt}o-p-fujdro.rife.ih(),ryJ)cnzene (VII). 

This substance is obtained by the action of ammonia on triiiitro- 
ethyienedioxybenzene, but when the reaction was carried out in 
ethyl-alcoholic solution it- was found that the percentage of carbon 
obtained on analysis was consistently about 1 per cent, too high, 
and the amount of ammonia obtained on hydrolysis with aqueous 
potassium hydroxide was also greater than the theoretical. This 
indicated that a diamino-derivative of similar constitution and 
properties, but of smaller molecular weight, contaminated the pro^ 
duct, and eventually proof was obtained that the impurity was 
dinitrodiamiiiophenetole. The production of this substance clearly 
showed that the trinitroethylenedioxybenzene, under the influence 
of the alcoholic ammonia, was converted in part into trinitro- 
catecliol diethyl ether, and accordingly the use of alcohol as a 
solvent was avoided. The following conditions were ultimately 
adopted: Trinitroethylenedioxybenzene (12 grams) was dissolved 
in pyridine (50 grams) and heated on the steam-bath iiiider reflux 
with aqueous ammonia (50 c.c., D 0*880). In a short time the 
product of the reaction separated in red needles, and a further 
quantity of ammonia solution (50 c.c.) was then added and, the 
heating continued for half an hour. After cooling and adding 
water, the orange-red solid was collected, and when dry weighed 
9*5 grams. This material is a mixture containing about 75 per 
cent, of dinitrodiaminohydroxyethoxybenzene and about 25 per 
cent, of a dinitroaminoethylenedioxybenzene. The two- sub¬ 
stances may be approximately separated by crystallisation from 
xylene, in which the former is the more sparingly soluble. The 
further purification of the second crop of crystals is described 
below, but the intense red crystals which separate first can be 
obtained in a pure condition by two- recrystallisatioiis from nitro¬ 
benzene. It is perhaps better to extract' the crude product with 
hot xylene insufficie.Ht to dissolve the whole, and then to crystal- 
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]is6 the residue from nitrobenzene. Tlie substance occurs in deep 
red needles melting at 240°: 

0*1543 gave 0*2127 CO.^ and 0*0583 H.O. C = 37'6; H=:4*2. 

0*0978 18*2 c.c. N 2 at 24° and 750 nirn. K=21*l. 

C^HxqO^N^ requires 0 = 37*2; H = 3*9; N = 21-7 per cent. 

0*3977 distilled witb 50 c.c. of 10 per cent, aqueous potassium 
hydroxide evolved NH 3 , which neutralised 31'0 c.c. 
whereas this amount of a substance, CgH 2 ^ 06 H 4 , yielding 2 NH 3 , 
requires 30*8 c.c. 

This substance resembles in its behaviour the similarly consti¬ 
tuted dinitrodiaminophenetole. It is quite devoid of basic 
character and is very sparingly soluble in organic solvents. When 
its solution in sulphuric acid is treated with sodium nitrite, a 
reaction of unexplained character occurs, and on the addition of 
water there is produced a transient, intense purple coloration. 
This quickly disappears, and the yellow solution contains traces 
of some diazo-salt, as indicated by coupling with '‘R-salt/' but 
the major part of the substance has undergone decomposition. 

3 : ^-Dhiitro-2 : ^-diamhio-^~henzoyloaujethoxyhenzcne (IX). 

It was noticed that the amino-groups of dinitrodiaminoaiiisole 
and the corresponding phenetole derivative cannot be benzoylated 
by the action of pyridine and benzoyl chloride on these substances. 
Recourse was therefore had to this reaction in order to prove the 
presence of a hydroxyl group in the substance described in the 
last section. The dinitrodiaminohydroxyethoxybenzene (4 grams) 
was dissolved in pyridine (30 c.c.) and benzoyl chloride (15 c.c.). 
A certain amount of heat was developed, and, when the reaction 
had subsided, ether was added and the red precipitate collected 
and washed with water. It was dried in the air and then crystal¬ 
lised from ethyl acetate, in which it is sparingly soluble; 

0*1526 gave 0*2800 CO. and 0*0560 H.O. C = 50*0; H=4*l. 

C 15 H 14 O 7 N 4 requires C = 49*7; H = 3’9 per cent. 

0*3827 distilled with aqueous potassium hydroxide evolved 
which neutralised 21*5 c.c. A/lO-HCl, whereas this amount of a 
substance, 0 ^ 51154 , 07 X 4 , yielding 2 XH 3 , requires 21*2 c.c. 

On acidifying the alkaline solution from this experiment, 
benzoic acid and 3 : 5-dinitro-2 : 4~dihydroxy~i3“hydroxyethoxy" 
benzene (X) were obtained as a crystalline precipitate. The- latter 
substance was identified after removal of the benzoic acid by 
repeated evaporations of the solution in water. 

This benzoyl derivative is ■ dimorphous and occurs in two distinct 
chromoisoineric modifications. Both ' forms melt at 180-—18P 
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alone ot mixed. The crimson form crystallises readily from most 
solvents, and may be easily obtained by crystallisation from xylene 
or by the addition of ether, alcohol, or light petroleum to a solu¬ 
tion of the substance in pyridine. It occurs in crimson plates 
with parallel edges. The orange-yellow modification is character¬ 
ised by its sparing solubility in ethyl acetate, and is the first to 
crystallise from this solvent. It is obtained by heating the red 
form or a mixture of the two to near the melting point, and then 
extracting the material with ethyl acetate. It crystallises from 
this solvent in needles. The change from red to yellow on heating 
also occurs slowly at temperatures above 100*^, but nothing in the 
nature of a transition point could be determined. Recrystallisa- 
tion of either form from nitrobenzene resulted in crimson leaflets 
containing solvent of crystallisation. 


3 : 5-Dmitro'2 : i-dilnjdroxy-^-hydroxyetlioxyhe^ &ene (X). 

This substance was readily obtained by boiling dinitrodiamino- 
jS-hydroxyethoxybenzene with a 10 per cent, solution of potassium 
hydroxide until all the ammonia was evolved. The reaction was 
complete in a few minutes, and the orange solution was acidified 
with hydrocliiorio acid. Bronze-yellow needles separated on cool¬ 
ing, and the substance was purified by recrystallisation from dilute 
hydrochloric acid. It is readily soluble in water or alcohol, less 
readily so in dilute hydrochloric acid, and it has powerful dyeing 
properties. The substance forms well-defined, brittle needles 
which dax'ken at and melt and decompose at 

0*1379 gave 0*1884 CO. and 0*0395 H.O. 0 = 37*3,; H = 3'2. 

^8*08^8^2 3^equires C = 36 ’ 9 ; 11 = 3*1 per cent. 

This compound shows no tendencjy to change ]>y loss of water to 
a lactone-like ethylenedioxy-derivative. Its comstitution was proved 
in the following manner: The glycol residue was removed by boil¬ 
ing several hours with an excess of concentrated hydrobromic acid, 
and the resulting phenol converted into its trimethyl ether by 
means of methyl sulphate and potassium carbonate in boiling nitro¬ 
benzene solution. This substance was then heated at 100^ in a 
sealed tube with concentrated aqueous ammonia, and the resulting 
red precipitate crystallised from nitrobenzene. The red plates 
were identified as consisting of 3 :5-dinitro-2 :4-diaminoanisole, and 
melted at 255°, and at the same temperature when mixed with a 
specimen of the substance obtained from trinitroveratrole. 
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4 : b-TJinitr(h^-aminoethylenedioxyhenzene (VIII). 

This by-product of the preparation of dinitrodiaminohydroxy- 
etho'xybenzene from trinitroethylenedioxybenzeiie is separated in 
an impure form by extracting the crude product with xylene as 
already described. It may be freed from its congener by taking 
advantage of the ready attack of the latter by warm aqueous 
potassium hydroxide. The crude crystals obtained from xylene 
were carefully warmed with a 5 per cent, solution of potassium 
hydroxide until the precipitate had a pure yellow colour. The 
substance was then collected, washed with water, and several times 
crystallised from ethyl acetate, from which it separated in orange- 
yellow, rhombic prisms melting at 202 ^: 

0-1133 gave 0-1676 CO^ and 0*0340 H^O. 0 = 40*2; H = 3*3. 

G 3 H 7 OQN 3 requires 0 = 39*8; H = 2*9 per cent. 

The substance is sparingly soluble in most solvents and has weak 
basic character. On boiling with aqueous potassium hydroxide, it 
is slowly attacked, yielding a cherry-red solution. The base is 
diazotisable in dilute hydrochloric acid suspension, and tlie 
diazonium salt couples with j 8 -napbthol to a crimson azo-compound* 
When trinitroethylenedioxybenzene is reduced in alcoholic hydro¬ 
chloric acid with zinc dust, a colourless solution is obtained which 
gives an intense green coloration with ferric chloride. The sub¬ 
stance now under consideration shows the same behaviour. On 
boiling with alcoholic sulphuric acid and powdered sodium nitrite, 
the amino-group was easily removed, and, after the addition of 
water, pearly leaflets separated and were collected. The substance 
was recrystallised from alcohol, and melted at 132—133® alone or 
mixed with a specimen of 4:5-dinitroethylenedioxybeiizene. Since 
the comtitotion of ilie latter substance is known by inference only, 
the material obtained from the above experiment was hydrolysed 
by heating with concentrated aqueous hydrobromic acid, and the 
dinitrocatechol so obtained methylated in the usual manner and 
the product identifled with 4: o-dinitroveratrole. 

Acetyl Derivative .—The dinitroamine could be recrystallised 
from acetic anhydride, but on the addition of a trace of sulphuric 
acid the amino-group was acetylated, and the derivative was col¬ 
lected after decomposition of the excess of acetic anhydride by 
means of dilute hydrochloric acid. The substance was recrystal- 
lised from alcohol, in which it is sparingly soluble, and obtained 
in hexagonal prisms xn el ting at 257®. The substance appears 
colourless when first prepared, but the compact crystals' have a 
pale' yellow colour, ^ 

O O* 



940 


HliSrDMAESH, KNIGHT, AND EOBINSON : 


Tlie similarly constituted 4:5-dinitro-3~acetylamiiioveratrol© lias 
recently been prepared by Gibsoii, Siinoiiseii, and Ran (tills voL^ 
p. 78), wlio find that it dissolves in aqneoais potassium hydroxide 
to a yellow solution which on acidification gives a precipitate of 
the iiiichatiged substance. This ethylene ether shows the same 
characteristic behaviour. 

Univeesity oe Liverpool. [Received^ Septeynher Uh, 1917.] 


LXXIX.— 5-Bromoguaiacol and some Derivatives. 

By Ellen Maugahet Hindmaush, Isabel Knight, and 
Robeet Robinson. 


In the course of the investigation described in the preceding com¬ 
munication it was found that 5-nitroguaiacol yielded on bromina- 
tion an ortho- and not, as would have been anticipated, a para- 
bromopheiiol, and it was therefore desired to prepare other 
guaiacoi derivatives substituted in the b-position in order to 
examine their behaviour on bromination. 

Cardwell and Robinson (T., 1915, 107, 255) have already shown 
that the in ethoxy-group of acetylguaiacol has a far greater 
orientating effect than the acetoxy-group, and accordingly the 
broniiiiation of acyl derivatives of guaiacoi leads to the correspond¬ 
ing derivatives of 5-bronioguaiacol (I). This phenol behaves 
.normally on forther broininatioii and yields 4:5-dibromo- 
guaiacol (LI). 


Meo/b 

HOb^Br nobler 

(I.) (11.) 


MeOdb^Oa : 

MeobbNO, 

HOpbEr ; 

HaNbyNH; 

Yo, 

NO, 

(III.) 

(IV.) 


A mononitro-derivative of the bromoguaiacol could not be 
isolated, and the constitution of the substance is indicated by the 
fact that the reaction with nitric acid leads to broniodinitro- 
guaiacol (III),, and proved by the conversion of the methyl ether 
of the latter by alcoholic ammonia into 3:5-dinitro-2:4-diammo- 
anisole (lY). The methyl ether of III has a curiously lethargic 
bromine atom, and the action of methyl-alcoholic potassium hydr¬ 
oxide on the substance results in the production of a mixture of 
potassium bromide with more potassium nitrite and of a mixture 
of nitrophenol ethers. 
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Experimental. 

S~Brow.og ua iacol (I). 

The acetyl or carbonyl derivative described below (30 grams) 
was dissolved in alcohol (100 c.c.), mixed with sodium hydroxide 
(50 grams), dissolved in a little water, and the liquid boiled under 
reflux during thirty minutes. The major part of the alcohol was 
removed by distillation, the residue acidified with hydrochloric 
acid, and the phenol, dissolved in ether, was finally purified by 
distillation in a vacuum. The fraction boiling at 150^^/20 ram. 
constituted nearly the whole of the product, and solidified on cool¬ 
ing. The substance is readily soluble in most organic solvents, 
but may be crystallised from light petroleum, and is obtained in 
colourless prisms often of considerable size, melting at 65°: 

O'llOT gave O’lOlG AgBr. Br = 39*l. 

C-TIyO^Br requires Br = 39'4 per cent. 

This phenol is soluble in aqueous sodium carbonate solution, and 
gives a bluish-green coloration with ferric chloride in alcoholic 
solution. Its constitution follows from the conversion of the 
methyl ether of its dinitro-derivative iiito' a known dinitrodiamino- 
anisole. 

A cetyl Derivative {^-^Bromo-^-methoxyjphenyl A eetate ),— 
2~Methoxyphenyl acetate was readily brominated io chloroform 
solution by the addition of a molecular proportion of bromine dis¬ 
solved in the same solvent. The solution was washed with water, 
dried with calcium chloride, and distilled, finally in a vacimra. A 
large fraction boiled at 164—lG5°/22 mm., and solidified com¬ 
pletely on cooling; considerable further quantities of this fraction 
may be obtained by redistillatioii of the mixed fractions of lower 
and higher boiling point. The substance is readily soluble in 
alcohol or similar organic solvents, and crystallise.s from light 
petroleum in leafiets melting at 62—63°: 

0“1439 gave 0-1053 AgBr. Br=32-6. 

CglTjOgBr requires Br=- 32-7 per cent. 
thoxy pheiiyl (Jarbona-te. —This derivative was 

obtained by the addition of bromine (25 grams) dissolved in 
chloroform (50 c.c.) to a solution of 2-m ethoxy phenyl carbonate 
(20 grams) (so-called guaiacol carbonate) in chloroform (50 c.c.) 
The bromiiiation occurred with extreme rapidity, and the product 
of the reaction separated in crystals. It was collected and re- 
crystallised from chloroform, and obtained in colourless neecllea 
melting at 179—180°. 'This sparingly' soluble substance ns dis¬ 
tinguished by a remarkable power of ■' crystallisation: 
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0*1246 gave 0*1081 AgBr. Br = 36-9. 

Gi 5 Hi 205 Br 2 requires Br=37*0 per cent. 

Since ^gnaiacol carbonate' is a commercial product and tlie 
yield of tbe bromo-derivative is approximately theoretical, it is 
better to prepare 5-bromoguaiacal through the carbonate than 
through the acetate. 


4: b-Dihromogiiaiacol (II). 

o-Bromoguaiacol dissolved in a little cold acetic acid was gradu¬ 
ally treated with a molecular proportion of bromine dissolved in 
the same solvent. A certain amount of the product crystallised 
from the solution, and the remainder was precipitated on the 
addition of water. The solid was collected and crystallised from 
aqueous methyl alcohol, and obtained in slender, colourless needles 
melting at 95^^: 

0*1184 gave 0*1565 AgBr. Br = 56*2. 

C7lT(.02®^2 requires Br = 56'7 per cent. 

The substance is freely soluble in an aqueous solution of 
sodium carbonate, and its alcoholic solution becomes intense ivy- 
green on the addition of ferric chloride. On methylation with 
methyl sulphate and potassium hydroxide in the usual manner, 
4:5-dibroinpveratrole was obtained. The substance was identical 
with the product of the direct brominatioii of veratrole, but the 
melting point of 92“^ was obtained after one crystallisation from 
alcohol, whereas the substance as usually prepared requires many 
crystallisations to enable it to reach an equal degree of purity, and 
is evidently contaminated hy an isomeride. 


h~Brom.oA : Minitrorjtiaiacol (III). 

After several unsatisfactory trials, the following metliocl was 
found to result in a high yield of product. 

Nitric acid' (2*5 c.c., I) 1*42) mixed with an equal volume of 
acetic acid was added drop by drop to a solution of 5-bromo- 
guaxacol (2 ■ grams) in carbon tetrachloride (15 c.c.). The mixture 
was vigorously shaken during the addition of the acid and the 
diiiitro-derivative separated from the solution, and, after the addi¬ 
tion of water, was collected and crystallised from aqueous alcohol. 

* This compound is possibly identical with the dibromogmiiacol (ni. p. 
94-—which Cousin {Ann, Ohim. Phys,, 1903, [vii], 29, 63) obtained by ihe 
direct bromination of guaiacol in chloroform solution, although' a priori it 
would have been anticipated that the bromination of the ' substance would 
result in 4:6-dibroinoguaiacoL 
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The well-defined, rhombic prisms melt and decompose at 
182-^184°: 

0T372 gave 0‘0874 AgBr. Br=:27‘l. 

C 7 H 50 GlSr 2 ®^ requires Br = 27‘3 per cent. 

This substance is almost colourless, but dissolves in water and 
alcohol to bright yellow solutions. Its sodium salt is somewhat 
sparingly soluble, and crystallises from water in orange-yellow 
needles. 


b-Broino-A .: S-dinitrov&ratrole, 


Meo/bNOj 

MeO's^pBr ’ 
NO, 


Like most dinitrophenols, the foregoing substance cannot be 
methylated in aqueous or alcoholic solution, and the following 
method was adopted "with excellent results. 

Bromodinitroguaiacol (15 grams) mixed with potassium 
carbonate (50 grams), nitrobenzene (75 c.c.), and methyl sulphate 
(30 grams) was heated in an oil-bath at the boiling point of the 
solvent during thirty minutes. The nitrobenzene "was removed by 
distillation in a current of steam, and the residual oil easily 
solidified on cooling. The solid was collected and crystallised 
from methyl alcohol, and obtained in colourless needles melting at 
102 — 103 *^: 

0T266 gave 0*0780 AgBr. Br = 26*2. 

CgllyOgNoBr requires Br = 26'l per cent. 

In view of the reactivity of trinitroveratrole towards ammonia 
and amines, it is surprising that this substance reacts sluggishly 
even with boiling aqueous-alcoholic ammonia, a reagent which 
rapidly and quantitatively attacks the trinitro-compound, with 
formation of dinitrodiaminoanisole. When, however, the bromo- 
derivative was heated in a sealed tube at 100*^ during seven days 
with a large excess of a mixture of one volume of methyl alcohol 
with two volumes of concentrated aqueous ammonia, a slow con¬ 
version into the cbaracteristic red crystals of dinitrodiamino- 
anisole was observed. The product was collected and washed with 
boiling alcohol in order to remove unchanged material, and then 
crystallised from nitrobenzene. The fiat prisms, hmmatite-red 
with blue shimmer, melted at 255^, and were identified with 
3 :5“dinitro-2 :4-diaminoamsole (NietzM and Kurtenacker, 5rr., 

* This substance is readily accessible from trinitroveratrole (Blanksma, 
loc. cit)^ and serves to illustrate the eiffect of catalysts in the process of 
acetylation. It may be crystallised unchanged from acetic anhydride, and 
the solution in the hot solvent is intensely coloured. On the addition of 
aHrace of sulphuric acid, the colour disappears and the' colourless acetyl 
derivative crystallises from the solution. 
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lS92j 25, 282, who give m. p. 250°, a.iid Blanksnia, Froe. li. A had. 
Weteaiseh. A'niMerdata , 1904, 7, 462, who gives in. p. 247°). 


3 : ^-Diuitro-^ : 


NO^ 

NPIMeA^NHMe 

MeOl^ 


It was tlioug'lit that the action of amines on the hromodiuitro- 
veratrole might he more rapid than was the corresponding reac¬ 
tion with ammonia, but this was not markedly the case. The 
action of inethylaniine was similar to that of ammonia, and an 
identical process was employed. The methylamino-derivative was 
crystallised from alcohol, and obtained in clusters of slender, 
brownish-red needles melting at 158—159°: 

0*1214 gave 0*1893 CO^ and 0*0533 HgO. 0 = 42*5; H = 4*9. 

C 9 H 1 C 2 O 5 N 4 requires 0 = 42*2; H=4*7 per cent. 

This substance is more readily obtained from trinitroveratrole 
(5 grams) which was dissolved in hot ethyl alcohol (80 c.c.) and 
v^mixed with an aqueous solution of methylamine (20 c.c. of 33 per 
ceNt;)* -After allowing to remain during an hour, the solution was 
boile'S^piider reflux for two hours, then coaled, and the separated 
crystals\\ere collected and crystallised from alcohol. The sub¬ 
stance so prepared was identified with the product obtained from 
bromonitroverahiole: 

0*8523 distilled ‘with. 10 per cent, aqueous potassium hydroxide 
evolved NTiMe, whibb neutralised 0*2431 HCl, whereas this 
amount of a substance, yielding 2 Nl:r 2 ^-^-^j requires 

0*2430 HCL 

The action of aniline in ])oiiing alcoholic solidion on bromo- 
dinitroveratrole resulted in the produciion of an orange-red sub¬ 
stance, which it was thought should lie identical with the diphenyl- 
amine derivative, which is obtained from aniline and trinitro- 
veratrole. This, however, was not the case, and the substance 
from the bromodinitroveratrole crystallised in red needles which 
darkened at 245° and did not contain bromine. 

Dini troanilinov era trole^ 

NHPh NO 2 

Meo/AlSrOa or MoO/NnO, • 

MeO'^pNOj MeOi^pNHPh 

Aniline (5 c.c.) was added to a solution of trinitroveratroie 
(3, grams) in boiling,methyl alcohol (60 c.c.), and the'liquid then 
"allowed to cooL^ It was then again raised to the boiling point 
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and tlie process twice repeated. The red crystals wliicli separated 
did not redissolve when the solution was heated. The hrilliant 
red needles were collected and crystallised from alcohol, and 
obtained in needles mixed with a small proportion oi compact 
prisms. The prisms were picked out, and appeared to consist of 
an isorneride of the main product of the reaction; they have not 
yet been obtained in sufficient amount for satisfactory examina¬ 
tion. The needles were recrystallised from acetic acid and then 
from alcohol, and melted at 199°: 

0-1183 gave 0-2302 CO. and 0-0451 H.O. C-53-1; H-4-2. 

requires C = 52'7; H = 4-0 per cent. 

The substance is very sparingly soluble in most solvents. It is 
evidently to some extent of acidic character, since it yields a red 
solution with alcoholic potassium hydroxide and may be recovered 
unchanged on acidification. The solution in nitric acid soon 
deposits crystals of a higher nitrated derivative wdiich is extremely 
sparingly soluble and crystallises from much acetic acid in orange- 
yellow prisms melting and decomposing at 22P. That this sub¬ 
stance is not the expected 2 :6-dinitro-3 :4-dim ethoxy diphenyl- 
amine is rendered highly probable by the following considerations: 

(1) Ammonia and methylamine displace a nitro-groiip and also 
a inethoxyl when these bases react with triuitroveratrole. 
Aniline, on the other hand, displaces only the iiitroxyl group, and 
the 2:4-dinitrophenyl ether structure is therefore not contained 
in the product. The failure of aniline to attack a inethoxyl group 
of trinitroveratrole is not due to lack of reactivity of the base, 
since dinitroanilinoveratrole is also resistant to the action of 
ammonia. 

(2) Dinitroanilinoveratrole is comparatively stable towards hot 
aqueous potassium hydroxide. 

(3) The substance is not obtained from bromodinitroveratrole 
by the action of aniline. 

(4) The existence of two nitro-groups in the ortho-position is 
indicated by the following experiment: Buiitroanilinoveratrole 
was reduced in alcoholic hydrochloric acid solution by zinc dust, 
and the colourless, filtered solution added to a solution of phen- 
anthraquinone in hot acetic acid containing sodium acetate. 
A condensation product was quickly formed, and crystallised from 
the solution in crimson needles. The substance was collected and 
crystallised from acetic acid, and then from ethyl acetate, and 
obtained , in hat needles melting at 222—^225°. It is doubtful 
whether the colour of the substance, which might be described as 
intermediate; between mauve and crimson,, is 'or is not due to' 
impurity., The, substance'is unchanged hj boiling-dilute'hydro- 
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cliloric acid, and appears to be a true plienantlirapheiiaziiie. It 
dissolves in snlpliuric acid to a red solution, quickly cliaiigiiig to 
browiiislnred. 

Diniiro~'^~toluidi iioveratrol e. 

This derivative, prepared by replacing the aniline in the above 
by p^toliiidine, crystallised from alcohol in deep red prisms melt¬ 
ing at 163°r 

0T302 gave 0‘2571 COo and 0*0542 HoO. C = 53*9; 11=4*6. 

C 35 Hj 50 <jN 3 requires C = 54*0; H = 4*5 per cent. 

This substance is sparingly soluble, but less so' than the aniline 
derivative, 

Univiuesity of Sydney. [Received, September Uh , 1917.] 


LXXX .—The Action of Halogens on PiperonaL 

By Annie Maby Bleakly Orr, Robert Robinson, and 
Margaret Mary Williams. 

The displaement of groups by nitroxyl, accompanying the nitra¬ 
tion of phenol ethers, has frequently been observed, but it does 
not appear to have been recorded that a similar reaction occurs 
in the chlorination or bromination of certain of these substances. 
In the preparation of bromopiperonal in acetic acid solution, the 
yield of product is not satisfactory, and this caused us to suspect 
that a certain proportion of the formyl group is dis|>laced by the 
halogen, which we found on investigation to be the case. In a 
neutral solvent, such as carbon disulphide or carbon tetrachloride, 
the yields of bromopiperonal and of 6-eliloropiperonal (I) are 
excellent, and by-products are reduced to a minimum, but, in 
acetic acid solution, the bromination of piperonal produces a 
certain amount of 4; 5-dibromocatechol methylene ether (this voL, 
p. 913), and the chlorination of the aldehyde yields 4:5-dichIoro- 
catechol methylene ether (II) in addition to chloropiperonal and 
substances of undetermined nature which are decomposed* by 
aqueous sodium carbonate, and probably owe their formation to 
attack of the methylene ether group by the halogen. Dichioro- 
' catechol methylene ' ether was also obtained by the action of 
chlorine on a sodium carbonate solution of piperonylic acid or of 
6 -chloropiperonylic , acid (III) obtained by , the oxidation of 
chloropiperonal. 4-Chioro-5-bromocatechol methylene ether (IV) 
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was obtained by tbe action of bromine on an aqueous sodium 
carbonate solution of cMoropiperonylic acid, but not, except in 
traces, from chlorine and bromopiperonylic acid under similar 
conditions. The behaviour of chloropiperonal on nitration 
resembles that of bromopiperonal, and 4-chlora-5-iiitrocatechol 
methylene ether (V) and 4-chloro-5: 6 -diniirocatechol methylene 
ether (VI) were successively obtained. The latter on reduction 
furnishes a chlorodiamine, which was isolated as a phenanthra- 
pheiiazine derivative. 


OH 


OH 

(I.) 

(II.") 

(in.) 



NO, 

“.■^sQcr 

OH 

oh,<oQ™- 

(IV.) 

(V.) 

(VI.) 


Experimental. 

Brommat'Wn of Piferonal m Acetic Acid Solution. 

Piperonal (100 grams) dissolved in acetic acid (200 c.c.) was 
gradually treated with bromine (40 c.c.) dissolved in acetic acid 
(100 C.C.), any rise of temperature being checked by cooling. 
After remaining overnight, the crystals were separated by filtra¬ 
tion, and found to be pure 6 -bromopiperonal (37*8 grams). The 
filtrate was mixed with water, and the solid collected and heated 
with an aqueous solution of sodium hydrogen sulphite until no 
further aldehyde passed into solution. The substance was then 
dissolved in ether and the ethereal solution extracted with 
repeated quantities of aqueous sodium hydrogen sulphite. The 
bromopiperonal was recovered from the hydrogen sulphite extract 
by the addition of sodium carbonate, and after crystallisation from 
methyl alcohol weighed 62 grams. The ethereal solution was 
washed with sodium carbonate and with water, dried, and 
evaporated, and the crystalline residue weighed 14*8 grams. It 
was crystallised from alcohol and identified as 4:5-dibromocatechol 
methylene ether, melting at 86 °, The substance from this source 
persistently crystallised in needles, whereas it had formerly been 
obtained in leafiets, but the melting point of a mixtui*e was 86°. 
The formation of the dibromo-derivative must be due, in the first 
place, to that of the monobromo-compound, in its turn obtained ^ 
by a direct displacement' of the ■ formyl radicle by bromine. This 



948 ORR, ROBINSON, AND WILLIAMS : 

follows from tlie observation tliat bromopiperonal is stable to 
bromine in acetic acid solution. A specimen was found to be 
iiiicliaiiged after the attempted reaction bad been prolonged 
during a week. 

6-(7 hlo'ro'piperonal (I). 

A stream of clilorine was passed into a solution of piper on al 
(25 grams) in acetic acid (50 c.c.) until the product of the reac¬ 
tion commenced to crystallise. This required about four hours. 
Water was added, and the solid collected and dissolved in ether. 
The ethereal solution was washed with aqueous sodium carbonate 
and then, with sodium hydrogen sulphite solution until a test por¬ 
tion gave no milkiiievss on the addition of sodiuns carbonate. The 
ethereal solution was dried and evaporated, and the residue (3*4 
grams) was identified as 4:5-dichlorocateciiol methylene ether. 
The hydrogen sulphite solutions were treated with excess of sodium 
carbonate, and the precipitated ci^stalline substance was collected 
and crystallised from aqueous alcohol, when 17*1 grams were 
obtained. The substance was further purified by crystallisation 
from methyl alcohol, from which it separated in long, colourless 
needles melting at 115°: 

0-1294 gave 0*1019 AgCl. 01-^19*3. 

0-2010 ill 16*06 gave A« = 0*347. M.W. = 180. 

CgHrjOsCl requires Cl = 19*0 per cent. M.W. = 184. 

^-Ghloro-Z : 4.-‘mdhylenedioxyf^i\f'n^^^ methyl ketone. (%-c.hIoro- 
piperonylideneaeetone)^ C^^Hr^Oj^Cl, is obtained by the addition of 
dilute aqueous potassium hydroxide to a solution of the aldehyde 
in three times its weight of acetone. After an hour, water was 
added, and the nearly colourless precipitate collected and crystal¬ 
lised from alcohol. The pale yellow needles melted sharply at 
158° and dissolved in sulphuric acid to a reddish-yellow solution, 
and the substance was recovered unchanged on the addition of 
water. In chloroform solution, bromine was ra])idly absorbed, 
but the dibromide was oily. 

Dl^-cUoromethylene4ioxy ketone^ Cii^Hi.jOr^Cl^, is obtained 
by the condensation of the aldehyde with the above described sub¬ 
stance or by heating the chloropiperonal in alcoholic solution with 
acetone and concentrated potassium hydroxide. It ivS very 
sparingly soluble and its formation is a matter of seconds. The 
substance was washed with hot alcohol and crystallised from acetic 
acid. 'The felted, citron-yellow needles melted and decomposed 
at 265°, and dissolved in sulphuric acid to an intense blue solution 
which became purple and then yelbw on the addition of water. 

. .^^GMoropiperofiyUc aeid^ CgH 504 Cl, was produced on oxidising 
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tlie alcieliyde in benzene solution by stirring with a 2 per cent, solu¬ 
tion O'f potassium permanganate. The reaction proceeds slowly, and 
wlien the benzene gave no residue on evaporation the excess of 
permanganate was destroyed and the acid obtained by acidification 
of the filtered aqueous solution. It was precipitated as a caseous 
solid, which was collected and crystallised from acetic acid. 

The colourless needles melted at 202°, and the substance is very 
sparingly soluble in water. It gives a pale yellow solution in 
sulphuric acid, which becomes olive-green on gently heating, 
whereas piperonylic acid under these conditions gives an intense 
red solution, which may be due to a condensation in the ortho¬ 
position. 


i:'^-D}€hloroeatecliol Methylene Ether (II). 

This substance may be obtained, as already mentioned, by the 
chlorination of piper on al, and in this case it seems that it may be 
obtained by the further action of chlorine on chloropiperonal, 
although the reaction is not smooth. It is also obtained by pass¬ 
ing chlorine into a solution of piperonylic acid which is always 
kept alkaline by the addition of aqueous sodiuin carbonate. 
Finally, the same substance was prepared by chlorinating catechol 
methylene ether in acetic acid solution. It crystallises from 
alcohol in slender, colourless needles melting at 82°: 

0'1218 gave 01866 AgCl. Cl = 37*5. 

C 7 H 4 O 2 OI 2 I'equires Cl = 37*2 per cent. 

The substance is sparingly soluble in sulphuric acid, and the 
solution is colourless, but becomes reddish-yellow on the addition 
of a trace of nitric acid. The reaction is therefore not so charac¬ 
teristic as that of the corresponding dibromo-derivative, which 
gives a rhodamine-red solution under these conditions. The con¬ 
stitution of the derivative follows from its production from chloro- 
piperonylic acid, which must have the orientation of cliloro- 
piperonal, and therefore of chloronitrocatechol methylene ether, 
which, as shown below, must be a 4:5-derivative. 


4t~Ghloro-^-himnocatechol Methylene Ether (IV). 

This substance could not be obtained by the chlorination of 
bromopiperonal in acetic acid solution, and only in traces, as the 
result of application of a large excess of reagent, by the action 
of chlorine on an alkaline solution of bromopiperonylic acid. It 
was obtained in small amount by the bromination of chloro¬ 
piperonal and comparatively readily by the action of bromine'on 
an alkaline solution of' chloropiperonylic acid. It was found that 
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the best conditions were to add the bromine water and aqiieoiis 
sodiiiiTi carbonate alternately to a dilute solution of the sodiiiiii 
salt of the acid, and the completion of the reaction was Judged by 
tile amount of the precipitate formed. This was collected and 
crysteJlised from methyl alcohol, from which it separated in flat, 
satiny needles melting at 78°. 

0*1305 gave 0*1829 AgCl plus AgBr, whereas this amount of a 
substance, C 7 H 402 ClBr, requires 0*1838 of the mixed salts. 

The reaction of this substance in sulphuric acid on the addition 
of a trace of nitric acid was intermediate hetween' that exhibited 
by the dichioi’o- and dibromo-derivatives. The reddish-brown 
solution appeared carmine in thin layers. A niixture of about 
ten parts of the diclilorocatechol methylene ether with one part 
of the dibromo-coinpound gave a solution almost identical in 
appearance with that from the chlorobroino-derivative. 


Application of the Ganmizzaro Eeaction to Fiperonak 

The formation of piperonylic acid and of homopiperonyl alcohol 
by the action of sodium hydroxide on piperonal does not appear 
to have been described, and as we required piperonylic acid and 
the alcohol was being employed in another investigation, we made 
some experiments on the conditions of the reaction and adopted 
the following procedure. A solution of sodium hydroxide (200 
grams) in water (200 c.c.) was cooled to' 40° and added to piperonal 
(100 grams), contained in a bottle capable of withstanding changes 
of temperature, and the mixture vigorously shaken. Alcohol 
(50 c.c.) was then added, and caused an almost immediate reac¬ 
tion and rapid rise of temperature. The bottle was vigorously 
shaken and the pressure releasee,I from time to time. So'On tlie 
temperature fell, and the mixture was then allowed to re,oia,iu 
overnight. It was then mixed with suiTua'eiit waller t.o dissolve 
the sodium piperonylate and extracted witli benzene. The 
aqueous solution gave 53 grams of piperonylic acid on acidification, 
and from the benzene 1*8 grams of piperonal were rec.overed by 
washing with sodium hydrogen sulphite solution, and after dryi,ng 
the extract and removing the solvent, 32*5 grams of homopiperonyl 
alcohol remained in a pure condition, It readily crystallised and 
could be employed in most experiments in this condition. The 
substance may be recrystallised from light petroleum, and occurs 
in slender, colourless needles melting, at 58°. Pittig and Remseii 
(Annalen, 1871, 159, 138) give the melting point as 51°, but 
their product was purified by distillation. 
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4:~CIdoro-b-nilrocatechol Methylene Ether (V). 

6-ClilorO'piperonal was dissolved in nitric acid (D i‘4)j and after 
half an hour the mixture was added to* water and the solid col¬ 
lected and crystallised from alcohol, in which the substance is 
rather readily soluble. The nearly colourless needles melted at 
70° and became yellow by the action of light: 

0-1231 gave 0*0867 AgCl. 01=-17*2. 

C 7 H 404 NCi requires Cl = 17'4 per cent. 

This substance was also obtained from 5-iiitro-4-aminocatecliol 
methylene ether by diazotisation of the latter in hydrochloric 
acid and treatment with copper powder. This connects the sub¬ 
stances described in the present communication with the series of 
4:5-disubstituted catechol derivatives. On reduction, the sub¬ 
stance yields a crystalline amino-derivative, which can be diazo- 
tiserl and contains chlorine. 


\Minitrocatecliol Methylene Ether (VI)- 

The foregoing substance was dissolved in nitric acid (D 1*52), 
and a rather vigorous reaction ensued which had to be moderated 
by cooling. On the addition of water, a precipitate was obtained 
which was collected and crystallised from alcohol. The sparingly 
soluble yellow needles melted at 138—IIP: 

0*1162 gave 0*0670 AgCl. 01 = 14*1. 

07 lT 30 ( 5 N 2 Cl requires 01 = 14*2 per cent. 

This substance becomes orange-yellow on exposure to light. 


4-6^ h 1 0 ro-1: %m e t liyl e n edi o ayyph e nn 7i t hra/ph enn zine, 


GHg*0 N 

A/\/V 


\/\^\ 

Cl N 


C0H4 


The dillitrO'derivative, just described, was r educed in alcoholic 
aqueous hydrochloric acid solution by the addition of zinc dust, 
and the filtered solution, mixed with excess of sodium acetate, was 
heated during two or three minutes with a solution of phenan- 
ihracpiitione in aqueous sodiom hydi'ogen sulphite. , The 
brownish-yellow precipitate was collected and dried' and crystal¬ 
lised from xylene. Glistening, ochre-orange needles separated 
which melted and decomposed at 298—300°'.* 
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0*1079 gave 0*0422 AgCl. Cl = 9*6. 

Cj>iHji02N2Ci requires Cl = 9*8 per cent. 

Tile substance dissolves in snlpburic acid to a purple solutionj 
and in neutral solvents to yellow solutions wbicli exhibit intense 
green fluorescence. 

Uniyebsity o¥ Sydney. [Received September ' 1917.] 


LXXXr.— Veratricsulphinide. 

By Janet Foerest McGillivray Brown and Robert Robinson. 

Baker and Smitb. ('^A Research on the Pines of Australia/^ 
Sydney, 1910, p. 397) have shown that the Jliion Pine^ of Tas¬ 
mania (Daerydimn FrfinMini) furnishes a leaf and a timber oil 
which consists chiefly of eugenyl method ether (I), and although 
very considerable quantities of the substance could be rendered 
available from this source, there exists no outlet for the utilisa¬ 
tion of the compound. In considering this matter, it appeared 
that veratricsulphinide (II), possibly a non-toxic sweetening 
agent, might be readily prepared from the ether, and we there¬ 
fore proceeded to investigate this derivative of ''saccharin,^’ which 
it was found could readily be obtained by the oxidation of homo- 
veratrole-G-siilphoiiamide (III) by means of an alkaline solution of 
potassium permanganate. 


M6o/'^,ch-.*ch:gh, 

MeOi^^ 

(I.) 


MeO 

MeO 


/\rjO 


(ii.) 


MeOJ^pSOa-NHa 

(III.) 


CH,<: 


\/\ 


c(:nh)\/^ 

c(:nh)/\/ 


(IV.) 


Teratricsulphinide was found to have no sweet taste. Although 
veratrole and homoveratrole react smoothly with clilorosulphonic 
acid and yield the corresponding sulphonyl chlorides in the cold 
and in quantitative ■ amount, a number of veratrole derivatives 
behave in a somewhat abnormal manner. Eugenyl methyl ether 
and safrole are converted into halogen-free neutral substances 
which are, apparently sulphonic lactones, The^ compound from 
eugenyl methyl ether crystallises from alcohol in leaflets melting 
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at' 145 ^j and tlie investigation is being coiitinned. CMorosnlphonic 
acid converted tbe nitrile of piperonylic acid into a dimeridej to 
wliich we ascribe tbe constitution TV. 

Experimental. 

V eratrole-i-siiliJliomjl Chi or I d e. 

This substance has been prepared by Paul {Ber.^ 1906, 39, 2773) 
from veratrole-4-sulphonates. The following direct process is con¬ 
venient and the yield is quantitative. A solution of chloro- 
sulphonic acid (40 grams) in chloroform (120 grams) was gradu¬ 
ally added to veratrole (20 grams), when a vigorous reaction 
occurred. After allowing to remain during an hour, water was 
added and the chloroform solution dried and evaporated. The 
solid residue was sufficiently pure for most experiments, but a 
portion was crystallised from a mixture of benzene and light 
petroleum, and the colourless needles melted at 7P. 

The sulphonamide was also prepared, and melted at 136° after 
crystallisation from alcohol. 


5 -NifTO Ve ra trole-i-mlfhonyl C hioride , 

MeOf^NO. 

MeOl JsOjCl- 

Nitric acid (75 c.c., D 1*42) was added with cooling to vera- 
trolesulphonyl chloride (30 grams), and after an hour the mixture 
was poured into water and the nitro-derivative collected and 
crystallised from acetic acid. The pale yellow needles melted at 
128°: 

0*1223 gave 0*0613 AgCl. 01 = 12*3. 

CgHyO^jNCIS requires 01 = 12*5 per cent. 

When this substance (10 grams) was boiled with potassium 
hydroxide (10 grams) in water (100 c.c.) during a minute and a 
half, it dissolved to an orange diquid, which became yellow on 
neutralisation with hydrochloric acid. On cooling, potassium 
nitroveratrolesulphonate separated almost completely as a bright 
yellow, crystalline powder. This was washed with a little water 
and dried at 100°: 

0*1355 gave 0*1006 BaS 04 . S = 10*4. 

0*1635 „ 0*0468 KaSO^. K = 12*8. 

CgH807NSK requires S = 10*6; K = 13*0 per cent. 

On boiling with nitric acid, this salt was converted into 4:5- 
dinitroveratrole, which is a proof that the constitxition assigned to 
the nitroveratroksulphonyl chloride is correct* 
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h-Nitmveratrole-4-siilphonamide crystallised from alcoliol in pale 
yellow needles melting at 132^. 

b-AminoveTatrole-4i-Buli}honic Acid, 

McOj^NH^ . 

MeO'^^ySOjH 

Considerable quantities of this acid were required for some syntlie- 
tical experiments, and the following procedure was. adopted after 
a nimiber of trials. The yield was 78 per cent, of that demanded 
by theory, and, indeed, the whole preparation of the substance 
from veratrole is a simple operation involving but small loss of 
material. It was found best to carry out the reduction on the 
scale described. Hydrochloric acid (25 c.c.) was added to a mix¬ 
ture of potassium nitroveratrolesulphonate (5 grams) and crystal¬ 
lised stannous chloride (15 grams). Heat was develojoed, the 
nitrosulphonate passed into solution, and the aminosulphonic acid 
crystallised. Hot water (50 c.c.) was added and the mixture 
allowed to cool, after which the solid was collected and recrystal¬ 
lised by solution in hot aqueous sodium carbonate and reprecipita¬ 
tion by hydrochloric acid. The substance is sparingly soluble, even 
in hot water, and crystallises in small, hard, colourless prisms, 
which were dried at 120® ^without suffering change in appearance: 

0*1338 gave 0*1319 BaS 04 . S=13*5. 

C 3 H|-j 05 NS requires S = 13*7 per cent. 

0*1709 neutralised 0*0290 NaOH, whereas this amount of a 
monobasic acid, CsH;i 405 N’S, requires 0*0293 NaOH. 

Like, other derivatives of veratrylamine, this substance develops 
an intense blue coloration with ferric chloride in aqueous soliitioii. 
On addition of hydrochloric acid to a fairly concentrated solution 
of the amino-,suiphonic acid in potassium carbonate to which 
rather more than a molecular proportion of sodium nitrite had 
been added, the diaxonium derivative is readily produced and 
separates in colourless crystals. This compound is doubtless of the 
type of diazohenzenesulphonic acid, and is relatively stable. It 
couples with jS-naphthol to a crimson azo-compound, and retains 
this power even after boiling its aqueous solution for a short time. 
On adding potassium iodide to an aqueous suspension of the 
diazo-derivative, nitrogen was evolved, and the potassium salt of 
an iodosulphonic acid crystallised from the solution. When pure 
nitroveratrolesulphonyl chloride was employed in the preparation 
of the amino-acid, the substance described was the sole product 
isolated, but, on the other hand, when the crude product was 
utilised without purification, then the acid mother liquor, from 
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whicli t'lie 5-aininoverata*ole-4-sulphonic acid had heeii separated, 
slowly 'deposited long needles on keeping in the ice-chest. The 
substance is very probably acid^ and 

its formation is a proof of the presence of a small proportion of 
an isoineride in the product of the nitration of veratrolesiilphonyl 
chloride. After recrystallisation from water, colourless iieedles 
containing solvent of crystallisation were obtained, and the 
analytical results were rather unsatisfactory until the material 
was dried at 120 ®: 

0*1310 gave 0*1299 BaS 04 . S-13*6. 

requires S = 13'7 per cent. 

This substance was produced in such small amount that a com¬ 
plete examination was impossible, hut it was foiiiid to be dis¬ 
tinguished from its isomeride by its greater solubility in water 
and by crystallising in needles instead of prisms. With ferric 
chloride it gives an orange coloration in aqueous solution. The 
substance appears to be oxidised by nitrous acid, but with the aid 
of /3-iiaplithol sufficient evidence of the presence of a primary 
amino-group was obtained. 


lIom.overatrole-6-sidfhojiamide (III). 

Homo ver at role (60 grams) was converted into the corresponding 
sulphonyl chloride by the action of chlorosulphonic acid exactly 
as described above for the preparation of vertatrolesiilphonyl 
chloride, but in this case the product was an oil which could not 
be cryst alii seek The substance was therefore converted into the 
sulphonamide by mixing with aqueous ammonia (250 c.c., B 0 * 88 ), 
when a vigorous reaction ensued and a colourless, crystalline sub¬ 
stance was produced. This was collected, washed with water, and 
recrystallised from alcohol, and the yield obtained was 80 per 
cent, of that theoretically possible. The substance crystallised 
from alcohol in prismatic needles and from ethyl acetate in com¬ 
pact prisms melting at 191 ®: 

0*1147 gave 0*1959 COg and 0*0584 H^O. C = 46*6; H = 5*7. 
0*1215 „ 0*1228 BaSO^. S==13*9. 

C 9 HJ 3 O 4 NS requires C,= 46*7; H=:5*6; S==13*9 per cent. 

This substance is far more sparingly soluble than veratrole- 
sulphonamide, and advantage might possibly be taken of this in 
order to estimate the percentage of ■ guaiacol in specimens of 
creosol. 
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Vemtrlc'%~sii(2Miiide, DiinetluhTt/mcclutrih '' (II). 

Homoveratroiesiilplionamide (25 grams) dissolved in. a soluiioii 
of potassium hydroxide (10 grams) in water (500 c.c.) was oxidised 
at 80° by the gradual addition of potassium permanganate (70 
grams) dissolved in liot water (850 c.c,). When all the perman¬ 
ganate was reduced, the filtered solution was , cooled and saturated 
with carbon dioxide, when a small quantity of unchanged sulphon- 
amide was recovered. The liquid was evaporated until crystals 
began to separate from the hot solution, which was then allowed 
to cool. The solid was collected, and found to consist of a 
potassium salt, which was accordingly dissolved in water and the 
solution acidified with hydrochloric acid. The colourless precipi¬ 
tate was collected and crystallised from much acetic acid. The 
substance was extremely sparingly soluble in most organic solvents 
and also in water. It dissolved, however, in boiling water to some 
extent, and separated on cooling in fern-like aggregates of 
needles: 

01096 gave 01773 CO^ and 0*0375 IL,0. C=44*l; H = 3*8. 

0*1338 „ 0*1270 BaSO^. S = 13*0. “ 

CplTANS requires C = 44*4; H=:3*7; S = 13*2 per cent. 

The melting point of this compound is not sharp, as it com¬ 
mences to soften at 275°^ and is completely fused at 290°. 

It is entirely devoid of sweet taste, and is, on the contrary, 
slightly acid and bitter. Its acidic properties are well marked, as 
it readily dissolved in cold aqueous sodium carbonate and even 
in warm sodium acetate solution. The sodium salt crystallises 
from water in glistening needles and has no sweet taste. The sub¬ 
stance is very stable towards alkali, and even on fusion with 
potassium, hydroxide there is little sign of decomposition. How¬ 
ever, the methoxy-groups are so hydrolysed, since, on dissolving 
the fusion in water, acidifying, and extracting with ether, the 
extract can be shown to contain a catechol derivative by the usual 
test, although the intense bluish-green with ferric chloride and 
the Bordeaux-red obtained on the addition of sodium carbonate 
are far more characteristic than is the case with catechol itself. 

1^~Methyl Derivative ,—This substance is readily obtained by 
warming and shaking a solution of the sulphinide in aqueous 
sodium carbonate with methyl sulphate. It separates from the 
alkaline solution in colourless crystals and may be recrystallised 
from alcohol, in which it is sparingly soluble. In appearance it 
resembles the mother substance and ci'ystallises in fronds, which 
are aggregates of needles melting at 227°: 
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01209 gave 01106 BaS 04 . S = 12'6. 

CjfjHj-jOrjNS requires S = 12*5 per cent. 

The substance is insoluble in cold dilute aqueous potassium 
hydroxide^ but on boiling gradually passes into solution as the 
result of hydrolysis. On acidification there is no precipitate in 
the cold, but on boiling the solution, separation of xV-methyl- 
veratricsiilphinide occurs. The substance was collected^ and 
melted at 227°. 


2:3:6: l-Dinicthylenetetraoxyantlhraqimumedi-imide (IV). 

The direct sulphochlorinatioii of derivatives of veratric and 
piperonylic acids was investigated in the hope of discovering a 
convenient approach to the substituted saccharins/^ but the 
results were usually negative. The action of chiorosiilphonic acid 
on the nitrile of piperonylic acid resulted, however, in the forma¬ 
tion of an aiithraquinone derivative of a new type. 

The nitrile (5 grams) 'was dissolved in chloroform (15 c.c.) and 
chlorosulphonic acid (7 grams) gradually added. The liquid 
became dark red, heat was developed, and, after the initial reac¬ 
tion had subsided, the mixture was heated on the steam-bath 
during one minute. It was then cooled and mixed with acetic 
acid, when an orange-red substance separated, which was collected 
and washed with ether. This substance appeared to be a salt, and 
was warxned with a solution of sodium acetate and so changed to 
a nearly colourless, fiocculent precipitate, which ivas collected, 
washed with water, and dried, and then crystallised from nitro¬ 
benzene and again several times from xylene. The clumps of 
colourless, microscopic needles melted at 261°: 

0-1208 gave 0*2891 CO^ and 0*0377 C=65*3.; H=3*5. 

0*1300 „ 10*7 c.c. Ng at 20° and 765 mm. N = 9*6. 

requires C = 65*3; H = 3*4; N = 9*5 per cent. 

The compound is very sparingly soluble and dissolves in 
sulphuric acid to a rich crimson solution, which becomes yellow on 
the addition of water. The solution resembles in colour-tone those 
which are obtained from methoxyaiithraquinones and sulphuric 
acid, and on this account, and in view of the results of analysis, the 
constitution suggested appears probable. Nevertheless, only a 
mere trace of anthracene was obtained by boiling with hydriodic 
acid followed by distillation of the washed product over zinc dust 
in a stream of hydrogen. The amount obtained from 2 grams 
enabled us to recognise aiithraquinone, obtained on oxidation, by 
tlie oxanthranol reaction. : The substance appears tO" be remark-, 
ably resistant to hydrolysis and is unchanged by boiling hydro- 
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cilioric acid. Siiould oppoTtunity oiler, the properties of this sub¬ 
stance and some aiiaiogons compounds, which have been prepared, 
will be further investigated. 

UNiVEiiSixy OF Sydney. [Eeceivedf Sepfemher 4rl]i, 1917 .] 


LXXXn .—Researches on Pseudo-bases. Part I/d* Note 
on some Berherine Derivatives and Remarks on 
the Mechanism of the Condensation Reactions of 
Psetido-hases. 


By Gbrtiiude Maud Robinson and Robert Robinson. 


The analogy between berherine and cotaniine was spectro- 
cliemically demonstrated by Tinkler (T., 1911, 99, 1340), and in 
view of the fact that the former base contains an unreduced 
^’soqiiinoline nucleus, it became of interest to examine its behaviour 
in connexion with the formation of condensation products 
analogous to the numerous anhydrocotarnine derivatives. 
Anliydroberberineaoetone (I) • (i/^-B-CHo'COMe) is the only sub¬ 
stance of this type which has been investigated. It was prepared 
by Gaze (Zeit. Ffituriviss. Halle., 1890, 62, 399), and its analogy 
to anhydrocotarnineacetone was pointed out by Gadamer {Arch. 
Pharm.j 1905, 243, 42) and confirmed by the examination of the 
substance which was made by Pyman (T., 1911, 99, 1694). 


O-OF. 


CH 
\ 0 

MeO 



OH„ 


CHj-COMe 

(I-) 


1 

OH-OH(OEt) 

I 

EN 



I ! 

CH-OH{OEt) OH 

I H li 

^^<OH(OEt,) EN-OH(OEt) 

(in.) 


* Part I (T., 1914,105, 1456) contains the following errata on page 1458 : 
for Q-nUro.piperonylhjdrocotarnine read ^-nitrO'piperonoylhydrocQtanivm and 
for mihydrocatarnine-B-nitroveratrole and Q-7iUrQverat7vle read mthydro- 
mimnim-^-fiitrohomaveratroh and Q-nitrohomoveratrole respectively. 
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It "was foiiiid in siiiall-scale experiments that berberiiie condensed 
readily with alcohols, amides, such as carbamide, plithaliinide, 
2 -methyliiiclole, acetophenone, 1-hydrin done, cyc?oliexaiioii©, iiitro- 
inethane, 2 : 4-diiiitrotolueiie, 2:4: 6~triiiitrotoiiieiie, diethyl 
malonate, ethyl acetoacetate, ethyl phenylacetate, plien}daceto- 
nitrile, and indeiie. Berherinol (compare Tinkler, loc. cit.) was 
dissolved in alcohol, and, after the addition of one of the com¬ 
pounds mentioned, the mixture was gently warmed. As a rule, a 
sparingly soluble substance separated, often in a viscid condition, 
but crystallisahie after treatment, usually by washing with 
alcohol, and the derivatives w^er© lemon-yellow wdtli the exception 
of the nitro-compounds, which were orange or red. Ail the sub¬ 
stances were resolved into their components by acids, and anhydxo- 
berberine derivatives are therefore much less stable than the corre¬ 
sponding substances obtained from cotarniiie or iiydrastinine. 
Circumstances forced the authors to- abandon the detailed examina¬ 
tion of these substances at a time when the work had not pro¬ 
ceeded far and was quite incomplete, but it nevertheless now 
seems desirable to record the results of the investigation. Cyano- 
dihydroberberine methoxydihydroberberine (i^-B-OMe), 

anhydroberberineacetophenone (i/^-B-CHyCOPh), and aiihydro- 
berberinenitromethane (?^-B-CH 2 ‘N 02 ) are described in the experi¬ 
mental portion of the paper. 

The Mechanism, of Fseiido-hase Condensation. 

The fact that berberine resembles cotarnine in its reactions 
emphasises the probability that the reactive modification is in 
each case the quaternary ammonium hydroxide form, since 
berberine has an even greater tendency than cotarnine to assimi© 
this imsatiirated condition. The formation of anhydroberberiiie- 
acetoiie was found to occur in dilute aicohoiic solution under con¬ 
ditions not favourable to the existence of berberinol, and a 
hitherto unrecorded observation on the condensation of cotarnine 
with iiitromethan© may also bo cited. A dilute aqueous acetic 
acid solution of cotarnine was mixed wdth nitrometliane, and on 
the addition of sodium acetate the condensation product was 
formed, slowly in the cold, rapidly on heating the mixture, and 
the substance was identified with anhydrocotarninenitromethane 
(Hope and Bobinson, T., 1911, 99, 2119). In this acid solution 
the presence of the carbinol form of cotarnine is extremely improb¬ 
able. At the' same time, cozxdensation products are obtained 
from cotarnine and berberine under conditions which do mot 
favour electrolytic dissociation of an ammonium hydroxide, ' Thus 
the ^oresence of an excess of sodium hydroxide does not appear' to 
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iiillibit the reactions. A representation of the mechanism of the 
Knoeveiiagel reaction, based on the assumption of a reaction 
between ions, was suggested by Lapworth (Hope and Robinson, 
loc. cit,^ 2117), and was a great advance on the ideas existing at 
that time, especially as it facilitated the collation of data derived 
from such separate investigations as those of Knoeveiiagel on the 
use of amines, particularly secondary amines, as catalysts in con¬ 
densations, of Bobbie, Lauder, and Tinkler on the spectrochemistry 
of pseudo-bases, and of numerous workers on the chemistry of 
these substances. These advantages are secured by the recogni¬ 
tion that the reactive form of a carhinol-amine (II) is the un¬ 
saturated aiiimoiiium hydroxide (III), but instead of representing 
the further stages as due to ionisation, combination of the ion 
with a negative residue, and, finally, migration, the present 
authors prefer to regard the condensations as due to a simple 
addition of the components as illustrated in the scheme : 



In the case of a condensation between a pseudo-base and pseudo¬ 
acid, the theory of the reaction between ions demands two intra¬ 
molecular changes, but on the hypothesis now advanced the 
carbon to carbon synthesis occurs in the first stage of the process 
and migrations are not required. This is illustrated in the case 
of anhydrocotarninenitromethane, and it will be seen that the 
^a-ri-modification of nitroniethane and the ammonium hydroxide 
form of cotariiine yield a complex (lY) in which there may bo a 
change in affinity distribution which results in the separation of 
water and the production of anhydrocotarninenitromethane. 

0 

HP ■ 

"(IV.) 

The essential feature of these representations is the postulation 
of con|ugated partial dissociation as a preliminary stage of the 
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reactions, and tliis is a particular case of tlie process described by 
Baiy as ''opening up tlie> molecular force fields/’ The mode of 
expression is, however, slightly difiereut from that employed in a 
former communication (T., 1916, 109, 1031 et seq>, 1042). 

Taking methyl iodide as an example, then, in reactions in which 
the iodine becomes separated from the methyl group, it is assumed 
that there is a partial dissociation and that the reactive molecule 
should be represented as ...CH 3 I— The present suggestion is 
merely that the partial valency so expressed shall be considered 
to be derived from the normal valencies and that the dissociation 
necessarily weakens the bond between the carbon and iodine atoms, 
so that the complete symbol is . Where a partial 

dissociation can be followed by complete electrolytic dissociation, 
there is a clue to the polarity of the partial valencies, since it may 
reasonably be assumed that the partial dissociation is a stage in 
the complete process. Further, it is clear that the partial dis¬ 
sociation of latent valencies must he assumed in some cases, as, 
for example, in the combination of ammonia with hydrochloric 
acid: 

. H ...-y 

OAg x: + j n CWi ! r NH.Ci 

■■■ , . Cl "--a 

The conjugated partial dissociation of such an ammonium 
hydroxide as cotarninium hydroxide is a more complex example 
of the same kind: 



^ In this paper, the residual affinity was regarded as additional to the 
1 ormal valency, not as a part of the latter. Tho theory of the reactions is 
not fundamentally altered, and in accordance with tho suggested method 
of expression the addition of an alkyl haloid to an unsaturated base 
would be represented by the scheme; 
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In partial dissociation of latent valencies, two partial valencies 
of opposite sign become available,^ and tliese .emanate from the 
same atoiiij whereas when a normail valency is divided, the two 
parts will be of the same sign, so that the ring in IV in regard 
to the polarity of the partial valencies slioiild be expressed as 
shown below: 




c 


:h 




The logical application of schemes of partial dissociation, simple 
and conjugated, of addition and decomposition by making and 
breaking of partial valencies, and of redistribution of affinity, 
demands the consideration of these questions of polarity and leads 
to a system of mechanism of reactions which appears to be capable 
of including the representation of chemical changes of the most 
varied type, and the present authors are not acqiiainted with any 
examples of reactions the course of which cannot be illustrated in 
the manner implied. It is true that the subdivision of units 
invariably supplies greater facilities for explanations, but in the 
present instance there is the important restriction on the elasticity 
of the th'^ory which is imposed by the necessity of providing the 
reactive complexes with two free partial valencies of opposite 
sign, and this'*%3-s introduced no difficulty in any case examined. 
In order to avo&l possible misapprehension, it should be stated 
that reactions betweeiy ions are not excluded, but regarded as the 
limiting case, and, fur^'^rj that it is recognised that the symbols 
which are used to express activated condition of molecules can 
represent only a -first approxini^tion to the actual distributioo of 
affinity. 

We cannot deal with every instanc6*l^^hich it is imagined that 
the method of representation advocatecOl^s dear advantages in 
the summarisation of the experimental we therefore 

confine ourselves to two reactions which have be^i^-, subject of 
comparatively recent' controversy. 


N, 


The Brommatlon of Ketones, 

Lapworth’s theory of the mechanism of the bromination'^\ 
acetone and other ketones (T., 1904, 85, 30) has received much 
support from subsequent experimental work, and it may be said 

essential reaction is the addi- , 
tzon of bromine to the enolio form of the ketone. Leuchs {Ber., • 
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i913j 465 2435)5 however, brominated optically active o-carbox}’^- 
2-benzyl-l-liydrindon6 and obtained 5—10 per cent, of an optically 
active bromo-derivative, and since the enolic form of this ketone 
contains no asymmetric carbon atom, it was claimed that the 
brominatioii was in part a direct,substitution. In accordance with, 
tlie theory of partial conjugated dissociation of an enol, however, 
the actual reactive conditions is not 


xC—OH 

y-zL 


hid 






and this reactive form is seen to be intermediate as regards its 
dist’iibution of affinity between the ketone and its enolic modifi¬ 
cation. Consequently, the catalytic action of hydrobromic acid on 
the ketone in producing the enol will involve the reactive form 
of the latter as an intermediate stage. In tliis molecule, the 
partial valency preserves the asymmetric environment of the 
carbon atom, and the formation of an optically active bromo- 
derivative is therefore possible. The whole process may be repre¬ 
sented in the following manner: 



MecliamBm of Diazo’-coiifling, 

K. II. Meyer (compare ^‘ Annual Reports,'^- 1914, 11> 100; 1915, 
12, 115) and his co-workers hold the'view that diazo-coupling is 
due to an addition of the diazonium salt to a double bond or 
conjugated double bond in the second component. Other authors, 
as Auwers and Michaelis, and Karrer Qoc, are of the opinion 
that the reaction is in the first place one of addition to the oxygen 
or nitrogen atom of the phenol or amine, and that this xs followed 
by migTation. Both these views are experimentally founded' and 
at present regarded as contradictory. The application of the 
theory of addition of partly dissociated complexes leads to a 
representation which,in the present authors' opinion explains,the, 
whole of the facts, .including those relating to,the chemistry of the 
diazonium salts themselves.' It ■has.'yalready'been,suggested (T.j',' 
'' ^ ^ V ' r f ' , 
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1916, 109, 1042) tliat the characteristic reactions of aromatic 
amines and phenols must be ascribed to additions, to a conjugated 
uiisaturated system which includes the nitrogen or oxygen atoms. 
The neutral and reactive phases of a phenol, such as v/i-cresol, will 
therefore he the following: 






Me 






An examination of the polar properties of the partial valencies 
shows that the orientation rules are a direct consequence of the 
opposite sign of the latent valencies of elements, such as oxygen 
and nitrogen, but it must be remembered thafc in dealing witli 
amines and phenols the effects observed are considerable and well 
defined, and that in connexion with the general problem of 
orientation in the benzene ring it may be necessary to take 
cognisance of even more delicate influeuceB than the conjugation 
of'partial valencies. The reactive phases of am aromatic ami’iie 
will eorraspond with those figured „ above in the case of m-^xemh 
Addition to the unconjugated reactive modifications will involve 
the^ attachment of a group to the' oxygen or nitrogen atoms, 
whereas addition, to 'the .molecule in its conjugated dissociated 
condition will involve nuclear substitution. If the former reac¬ 
tion is'reversible, and this is usually the case, there may ensue an 
apparent transference of a group from oxygen or nitrogen to the 
nucleus, and the transformation of diazoamino-compounds into 
; true azo-derivatives is not improbably a' reaction of this . type. 
'The'phenomenon is analogous tO' that involved in the production 





















The last reaction is a conjugated decomposition, that is, the 
reverse of addition to a conjugated system. Such reactions are 
of great importance in the aromatic seines, and there appears to 
be no valid reason why the decomposition should have a more 
complex mechanism than the formation of the additive product. 

Turning to the diazoniiim compounds, it must be noted that 
these substances (for example, hydroxides) are in constitution and 
properties strikingly analogous to such substances as cotarniiiium 
hydroxide and owe their reactivity to a similar partial decom¬ 
position, which is expressed in V. Addition between the reactive 
phases of a phenol and of a diazoniiim hydroxide will result in 
VI, and possibly VII may then be obtained by a redistribution of 
affinity. 



VII is clearly the oxonium hydrate of the keto-forin of an azo- 
phenol, but it is also the hydrate by conjugated addition of the 
I enoHc modification, and the latter may he obtained by conjugated 
I decomposition as shown above for the precisely similar conversion 
• of a ketone into an enol with the aid of hydrohromic acid. It 
should be pointed out, however, that it is unnecessary to go so 
far as"' VII in rearranging the affinity of VI. If, for example, 

; the partial valency connecting the nitrogen atoms is broken, the 
"'^latural result of the activity of the free partial valencies, is' 
/indicated in VIII, IX, and X. 

K 

pi 


P P 2 
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The above will apply to a phenol, such as ^-naphthol, which 
couples in the ortho-position. Para-substitution will involve the 
inclusion of an additional double bond in the conjugated system, 
and it is clear that the scheme is applicable to amines as well as 
tO’ phenols. 






0 


(VIIL) 


(IX.) (X.) 


Experimental. 

Ct/atiodih^droherherine, 

Tills substance was prepared by Henry (A'mialeUf 1860, 115/ 
136), and regarded as a sparingly soluble salt wMch crystallised 
from alcohol in yellow, rhombic leafieth. The analysis given is 
3 per cent, lower than the theory, and indeed at that time the 
""'Ij^lS^ositiorL of berberine was supposed to be C 42 HigO;^ 0 N ( 0 = 6 ; 

= 1872 Fiiickiger (Jahresher., 748) stated that the sub- '* 

iktance did not exist, and later Pommerehne (Arch. Fharm.j 1895, 
'h^23S, 127) xeaffifhte^ that berberine forms a stable hydrocyanide. 
'!|^inkler (Zoc. cit.) usedHhe substance in connexion with his spectro- 
chemical work. Since it appears that this compound has not yet 
been, accurately analysed or described, we prepared a specimen by 
'adding potassium cyanide to a solution of berberine sx.ilpliate uuoilr^ 
the yellow colour disappeared. The solid was collected and rapidlyt' 
crystallised from alcohol and then from henaene, in which the 
stibstance is sparingly soluble. It was found necessary to keep 
the solution In the dark, as the compound is decomposed by light. 
The pal©',yellow prisms melted at 184—186^ when' somewhat 
rapidly heated: ^ 

0‘1405 gave 0*3602 CO^ and'0*0661 H'.O. C==69*9; H = 5 ' 0 . 

C 2 iHjg 04 N 2 requires ,0=69*6; H = 5'2 per cent. 

The substance is readily soluble in chloroform and sparingly so 
in ethyl acetate, from which it crystallises in yellow octahedrav> 
It is' stable towards aqueous potassium' hydroxide and is 'not''J 
immediately decomposed by cold dilute hydrochloric acid. Onl 
gently warming, hydrocyanic acid and ' berberine chloride werf J 
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produced. No definite evidence of the formation of a salt of the 
base was obtained, but that substances of this type are real bases 
which can form salts without decomposition is evident from the 
behaviour of cyaiiohydxocotarnine. This substance dissolves in 
dilute sulphuric acid, but, on scratching the container, colourless 
crystals of a sparingly soluble sulphate separate. Only on heat¬ 
ing does the colourless solution become yellow, and hydrocyanic 
acid is then set free. It is a mistake, therefore, to term these 
substances pseudo-salts. They axe in no sense salts, but bases 
which can combine with acids, and in this condition are readily 
decomposable. Wo have also observed that cyanohydrocotarnine 
forms a methiodide, 

M etlw xijdi hydro herb erin e , ^-B-0 Me. 

Perhaps the most characteristic reaction of pseudo-bases is the 
formation of ethers of the carbinol form by simple treatment with 
alcohols, and it is interesting to note that this property is 
exhibited, not only by the rosaniline bases, but also by many tri- 
plieiiylcarbinol derivatives not containing nitrogen and by the 
xanthhydrols and other pseudo-oxoniuni bases. In the presence 
of excess of water, these ethers are as readil}^ hydrolysed as they 
were formed, and the conclusion to be drawn from the whole 
matter seems to be that the interconversion of the two forms of 
the pseudo-base is accomplished by addition and subtraction of 
water or of an alcohol. Gaze, in a private communication to 
Beilstein^s Handbuch,’^ states that berberiiie yields an alcoholate, 
C 2 oHi 704 N,C 2 H 60 ,'which he describes as golden crystals, but there 
appear to be no further references in the literature to substances 
of this type. Berberinol (15 grams) was added with stirring to 
methyl alcohol (35 grams), when the substance became more 
crystalline in appearance. After remaining during tv/o hours, the 
substance was collected and rapidly crystallised from methyl 
alcohol. It was obtained in pale yellow prisms melting at 152°: 

01239 gave 0*3126 COo and 0*0661 II.O. C-68*8; H=:5*9. 

C 21 H 21 O 5 N requires 0 = 68*7; H = 5*7 per cent. 

In attempting to crystallise this substance from ethyl acetate, 
oxyberberine melting at 198—200° was obtained. The substance 
was also readily changed to oxyberberine by boiling with sodium 
methoxide in methyl-alcoholic solution. It appears to be more 
easily oxidised than ■ berberinol itself Like most dihydroberberine 
■ ^/'derivatives, the dilute solution, in. eth}d acetate exhibits blue 
fluorescence. The methoxy-group 'was readily removed in the 'fori:f 
of methyl alcohol on'warming^ the: substance with'Water.: 
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Eikox^dihi/drolierherine .—This derivative crystallised in golden- 
yellow^ rectangular prisms which darken at 125® and melt at 136®. 
Its properties were similar to those of the methoxy-compoiind. In 
absolute ethyl alcohol the substance condensed readily with 
acetone, producing anhydroberherineacetone melting at 175®. 

imAvii/Ioxydihi/droherhenne .—This substance was obtained in 
circular clusters of golden needles and melted at 157®. It's ethyl 
acetate solution exhibits blue fluorescence. 


A.uhydroherhermeacefophenone, i/^-B-CHo'COPh. 

This derivative was obtained by condensing berberiiiol wit* 
acetophenone in alcoholic solution or by starting with methoxydi- 
hydroberberine and carrying out the reaction in absolute methyl- 
alcoholic solution. It is, however, more convenient to operate in 
the following inaniier. Berberine sulphate (20 grams) was mixed 
with alcohol (100 c.c.) and acetophenone (10 grams), and, after 
gently heating the mixture, a 2Q per cent, aqueous solution of 
potassium hydroxide was added until the orange colour became 
red and then yellow. The liquid ’was vigorously stirred, and, after 
the addition of water, the yellow oil gradually solidified and was 
collected and crystallised, first from alcohol, in which the sub¬ 
stance is sparingly soluble, and then from ethyl acetate. The 
final purification was by crystallisation from benzene containing 
bng^ little light petroleum, and the substance was then obtained in 
yellow prisms melting at 140—141®: 


Cl^gave 0*3542 CO.> and 0*0658 H.O. C = 73*7; H==:r)*6. f 
This coinpmmfePs^ requires C = 73’8; H=:=5*5 per cent. if 

berberine salt and acetophl^ decomposed by acids, yielding al 

even when the compound is warmed "with wL?^ peroeptiblej 

was changed by methyl sulphate into what appe"^^ substance! 

ture of methosalts with berberinium sulphate On^° 
itrTtld acetophS^S the 

proportion of somp ’ contaminated with a considerabh I 

brinattlf ■ r The mixture could not'l 

consiSf 

chloride. ^ “ ^lethylberberinium; : 


A iiJii/droherltfrineiiitromethaii-e, 

t C.C.; and water (100 c,c.) and treated wit’ 
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coiiceiitrated solution of potassium hydroxide until a clear solu¬ 
tion was obtained. Nitromethane (10 c.c.) was then added and 
more dilute potassiinii hydroxide gradually introduced, care being 
taken not to render the solution strongly alkaline. A crystalline, 
red precipitate was formed, which was collected and recrystailised 
from alcohol. The orange-red needles melted at 140®. Recrystal- 
lisatioii from alcohol resulted iu lowering of the melting point to 
136®, but from toluene, orange', prismatic needles melting at 142® 
were obtained: 

0-1165 gave 0*2733 COo and 0*0582 HoO. C = 63*9; H = 5*5. 

C 2 iH 2 {jOqN 2 requires C~63*6; H = 5'l per cent. 

This substance is changed by acids into a berberine salt. It 
was also obtained by condensation of methoxydihydrobeTberine 
and nitromethane in methyl-alcoholic solution. 

Universities of Sydney and Liverpool. 

[Received, September 4:th, 1917.] 


LXXXIII .—The Absorption Spectra of some Polyliydroxy- 
anthraquinone Dyes in Concentrated Sulphuric 
Acid Sohition and in the State of Vaqyour. 

By David B. Meek. 

In a previous communication (Meek and Watson, T., 1916, 109, 
544 et seq.) on the colour of the poly hydroxy anthraquinone dyes 
it was shown that the wave-length of the maximum of an absorp¬ 
tion band of any of the substances depended on whether the sub¬ 
stance was examined in alcoholic solution, in potassium hydroxide 
solution, or on cloth variously mordanted. Taking the absorp¬ 
tion as due to the resonance produced in a system capable of 
oscillating between the different tautomeric forms, then this period 
of oscillation was regarded as modified by the nature of the radicle 
attached to the conjugate chain of double and single bonds. On© 
of the conclusions drawn from that investigation was that ^^the 
more electropositive the nature of the radicle attached to a con¬ 
jugate chain, the longer will be the wave-length of the maximum 
of the absorption band.'' In that work the spectrum of'each of 
the dyes was examined, (1) in alcoholic solution, (2) in aqueous 
potassium hydroxide solution, and on wool mordanted with ^(3) tin, 
(4) alum, and (5),, chrome respectively. The'present'investigation 
was uiidortakeh with a view to obtain information 'regarding tho''; 
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absorption, spectra of tb© same polyliyclroxyantlirac|iiiiione dyes in 
solution in concentrated sulpliuric acid and in the state of vapour. 
Some of these dyes had given a number of fairly narroWj sharp 
bands ill alcoholic solution (/oc. cit), and it seemed of importance 
to discover whether under other conditions the narrow bands 
which had been obtained could be hrohen up into absorption lines, 
for as a vapour at atmospheric pressure iodine has very fine 
absorption lines, whilst in solution it gives absorption bands which 
are broader than those yielded by some of the polyliyclroxyantdija.- 
qiiinone dyes. The difficulty of obtaining the absorption spectra 
of many organic substances as vapour is that they frequently 
decompose before vaporising, and hence the absorption spectra 
have to be observed when the dyes are vaporised at low pressures. 
With the same end in view, namely, of obtaining very narrow 
absorption bands, one of the substances, alizarin-cyanine, which 
gave narrow bands in alcoholic solution, was also examined in a 
number of organic solvents. 

It may be stated here that it has not been found possible to 
resolve any of the bands given by the polyhydroxyaiithraquinone 
dyes into absorption lines, but absorption curves have been 
obtained which on resolution into elementary symmetrical bands 
have yielded further information regarding the effect of the 
number and position of auxochromes on the absorption, and there¬ 
fore on colour. 

Experimental. 

The absorption spectra of the dyes in concentrated sulphuric 
acid and of alizarin-cyanine in the various organic solvents were 
obtained in a manner similar to that described in the previous 
paper {loc, cit.), the apparatus being a Nutting photometer in 
combination with a large Hilger wave-length spectrometer. In 
obtaining the positions of the absorption bands in the case of the 
vapours, a slightly modified procedure was adopted. A brass tube 
50 cm. in length and T5 cm. in diameter was fitted with air-tight 
caps taken from a polarimeter tube. The portion of these caps 
which is generally fixed to the glass polarimeter, tube by means of 
hard wax was brazed to the ends of the brass tube. They were 
then ground plane, and by means of asbestos washers the caps 
could be mad© air-tight when screwed on firmly. Attached to the 
side of the brass tube was a small'brass tube through which the 
pressure inside the long brass tube could be reduced. 

To observe the absorption spectrum, of the vapour of one o;i 
bh© dyes, a small quantity of the substance was placed m a porce¬ 
lain. boat and introduced into the brass tube. The polarimeter 
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tube cap was tben firmly screwed on and the whole tube placed in 
a resistance electrical fnrnace. The latter w^as larger than the 
brass tnbe^ and so the ends were well wdthiii the furnace. This 
prevented the deposition of the vaporised substance on the glass 
ends of the tube. The side-tube projected beyond the furnace, and 
was attached to a Gaede pump, by means of which the pressure 
inside the absorption tube could be reduced. The furnace was 
arranged so that a parallel beam of light could be passed through 
the absorption tube to one aperture of the photometer, and another 
beam from the same source was brought by reflections to the other 
aperture. This method should have given measurements from 
which absorption curves could have been drawn, but the difficulty 
of keeping the amount of vapour in the tube constant has not 
yet been overcome, with the result that only the wave-lengths of 
the maxima of absorption have been determined up tO' the present. 
Although the absorption curves have not been obtained yet for 
the substances in the form of vapour, an attempt has been made 
to classify the absorption bands according to apparent intensity. 
The following table contains the results which have been obtained: 


Table I. 


Substance in the form of 
vapoux' mixed with aii\ 


Quinizarin or 1 : 4-dihydi’oxy- 
anthraquinone (fluoreseent) 


Wave-lengths of 
maxima of 
absorption. 

) (1) 5137 
(2) 5040 
(3) 4920 
(4) 4815 
(5) 4736 
(6) 4635 


Comparative intensity 
of these maxima of 
absorption. 

Very faint 

Intense 

Intense 

Paint 

Veiy faint 

Extremely faint 


Piu’purin J'or 1:2: 4-tnhy- 
d r oxyanthraqiii non e 


f(l) 5256 

(2) 5045 

(3) Broad band of 
general absorp. 
tion from violet 
upwards to 

^ about 4900 


Intense 

Intense 

Intense 


Alizarin-Bordeaux or 1:2:5:8- 
' tefcrahy d roxyanthraquinpne 


r(l) 5135 

(2) 5050 

(3) 4896 

(4) 4805 
,(5) 4693 


Intense 
Intense 
Paint 
Veiy faint 
Extremely faint 


These absorption bands have been shown in Pigs. 2, 3, and 5 as 
straight lines drawn at the wave-lengths of maximum absorption 
and of length, varying^ according to the ' qualitative classiflcation 
of intensity' in the third column of Table I. It is interesting that 
the bands' of quinizarin and 'AlizanmBordeaux vapours, are closer 
' ' ' B E* 
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to^'etlier tiian tli6 bauds of tlies© substances in soliitioii in alcoliolj 
and it is also noteworthy that the differences between successive 
inasiiiia of absorption ot the substances as vapours are o.t the same 
order of. magiiitiide as the differences between the successive 
maxima for alizarin-cyanine and anthracene-hliie in alcoholic 
-solution. , The absorption due to the vaponrs of the other five 


Fig. 1. Wave-lengths, Fig. 2. 



polyliydroxyanthraquinones.'Considered here was not resolved into 
narrow-' bands.Alizarin vapour.gave general absorption coming 
up' from the violet end of the spectrum'as the density of the vapour 
was increased.' Aiithragallol gave a , similar result^ whilst 
anthracene-biue gave a broad, indistinct, weak band with its 
centre, about A'=5000. - " 
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The Ahsorption Spectra of Hie IhjlphpJjVd-panthraqinnones iti 
Concentrated Sulphuric A cid Solutions, 

Solutions of strength NjW in concentrated siilphiiric acid were 
prepared and examined by the Nutting spectrophotometer in the 
manner previously described (Joe, eit.). The absorption curves 
obtained are given in Figs. 1 to 8. 

Fig. 5. Wave-lengths, Fig. G. 



(1) Alizarin .—In potassium hydroxide solution there are dis-^ 

““tinctly three bands, the middle one being the, most intense. In 
concentrated snlphuric acid solution there are indications that 
these bands still exist, but the middle one and the one towards 
: the red have diminished in relative intensity, and probably also 

^ -p-p*' 2 ' , 
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have broadened. The one towards the violet end has become 
relatively more intense. 

(2) Quliiimrin .—The results are given hi Table IL 
Tablb II. 


Wave-lengths 

of maxima .Relative order 


Solvent. 


X. 

/=1A. A{iA) 

of intensity. 

Rema-rks. 



'•{1} 5137 

1940 

38 

— 

(4)-^(l)==:131 



1 (2) 5040 

1984 

47 

— 

(5)-(2) = I27 



' (3) 4926 

2031 

46 

— 

(0)™{3)==I27 

Vapour 


, (4) 4816 

2077 

34 

— 




(5) 4736 

2111 

47 

— 

— 



1(6) 4635 

2158 


— 

— 


r(l) 5150 

1942 

51 

3 

— 

Alcohol 

J(2) 5018 

1993 

99 

2 

— 


i(3} 4780 

2092 


1 

— 


1 

r(l) 5470 

1828 

139 

1 


Sulphuric acid 


(2) 5086 

1967 

126 

2 

— 


1 

[(3) 4777 

2093 

— 

3 

— 


j 

((1) 5044 

1683 

127 

1\ almost 


Potassium 

J 

(2) 5526 

1810 

128 

2/ equal 

— 

hydroxide 


U3) 6160 

1938 

. — 

3 



The absorption spectra of qtiinizarin iii alcohol and as a vapour 
have the absorption over the same area of the spectrum as regards 
both extent and position. In the concentrated sulphuric acid solu¬ 
tion and in the potassium hydroxide solution the areas of absorp¬ 
tion are larger, but again almost equal, and they have been shifted 
towards the red end of the spectrum, the shift being greater in 
the case of the alkali solution. 

(3) Fi{rparhi,-^^The, results, are given in Table III ■ 


Table III. 


Wave-longtbs 

of maxima Relative order 


Solvent. 


Vapour 


X. A(I/X}. of mtonsity. 

f(l) .5256 1603 70 (1)1 about 

(2) 5045 1982 59? (2)/ equal 

(3) Broad 2041? 
band of 

^ general ab- y 
sorption 
■ from violet' 
up to about 
14900 


Remarks. 



f(l} 6524 1811 110 4 

Alcohol 1(2)'5206' 1921 . 123 1 

H3) 4892 2044 48? 2 

1(4) 4780? 2092? 3 

f(l) 6564 1798 141 2 

Sulphuric acid \{2) 5158 . 1939 — 1 

Potassium /(I) 5450 1835 121 2 

hydroxide ((2) 5113 1966 — 1 
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Agaiiij in the ease of pixrpnrin, the absorptions by the vapour 
and by the alcoholic solutions occupy almost identical parts of the 
spectriiiiij but, as- in qiiinizarin, the absorption maxima are closet 
together for the vapour than for the solution in alcohol. With 
concentrated sulphuric acid and potassium hydroxide solutions the 
absorption has been displaced towards the red, and the maxima 
for sulphuric acid solution are nearer the red end of the spectrum 
than the maxima for the alkali solution. 

(4) Anthragallol. —In the sulphuric acid solution there are three 
bands giving maximum absorption at wave-lengths 5750, 5240, and 
4620, and as regards intensity these are in the order 3, 2, 1 
respectively. These three bands are not apparent in the potassium 
hydroxide solution as distinct- bands, but their existence as broad 
bands may be inferred from the shape of the absorption curve of 
the jcotassium hydroxide solution. One effect of the sulphuric 
acid has been to render the resolution better and to increase the 
relative intensity of the absorption towards the violet end of the 
spectrum. 

(5) —^The results are given in Table IV. 

Table IV. 

Wave-lengths 

of maxima Kelative order 


Solvent. 


X. 

/-lA* 

A(l/X). 

of intensity. 

Remarks. 


f(l) 

5135 

1947 

33 

Intense 

— 

Vapour J 

(2) 

5050 

1980 

62 

Intense 

,— 


(3) 

4896 

2042 

39 

Faint 

— 

(4) 

4805 

2081 

50 

Very faint 

— 


1(5) 

4693 

2131 

■ — 

Extremely 

— 





faint 


Alcohol 

fW 

5238? 

1900? 

219? 

2 

__ 

1 

1(2) 

,4700* 

2128 

— 

1 

— 


r(i) 

6400 

1563 

ISi 

4 

_ 


!(2) 

5732 

1744 

143 

1 

—. 

Sulphuric acid "j 

|(3) 

5300 

1887 

109 

2 

— 

1(4) 

5010 

1996 

— - 

3 

— 

I^otassiuin 

f(l) 

6045 

1655 

115 



hydroxide 

U2) 

5650 

1770 

— 

1 

— 

Comparing the 

absorption in 

the state of vapour 

and ill solu- 


tion in' alcohol, the maximum of absorption is nearer the violet 
for the alcohol solution than for the vapour. In the state of 
"-vapour the bands are narrower and the resolution much better. 
Eor sulphuric acid and potassium hydroxide solutions the absorp¬ 
tion has been displaced towards the red, and'in the two solutions 
it occupies the same part of the, spectrum. The' sulphuric acid 
solution gives better resolution on the blue 'side of' the absorption, 



971 ) 


MEEK : THE ABSORPTION SPECTRA OE SOME 


curve, whereas tlie potassium hydroxide solution gives better 
resolution on the red side. 

(6) AUzmin-cyanitie ,—Table V contains the results for alizarin- 
c^^aniiie. 

Table Y. 


SoiveiiL 


Alcoliol 


Sulphuric acid 


Potassiimi 

hydroxide 


X for 



Relative order 


maximum. 

/^1/X. 

A(i/X). 

of intensity. 

Bemarks. 

r{l) 5630 

1770 

51 

3 


(2) 5473 „ 

1827 

47 

1 

/-/ = 

(3) 5337 

1874 

92 

2 

(2) (4) 13! 

1 (4) 5088 

1906 

43 

4 

(5) 4978 

2009 

89 

5 


1(6) 4770 

2098 

— 

0 


f(l) 6332 

1580 

76 

3 


1(2) 6040 

1656 

137 

1 

/-/ = 

1 (3) 5575 

1793 

183 

2 

(2) (3) 13' 

1(4) 5000? 

'Gradually 
r i s 1 n g 
curve from 
violet to 
< red. No 
maximum 
bet woe n 
4000 and 
17000 

1976 


4 



From table Y and also from the curves it is again obvious that 
the absorption has been displaced towards the red in the con¬ 
centrated sulphuric acid solution, and still further towards the 
red in the potassium hydroxide solution. The band which has 
been numbered (3) in the alcoholic solution has been masked in the 
sulphuric acid solution by the intensity of band (2), so that the 
bands (1), (2), (3), and (4) in sulphuric acid solution correspond 
with the bands (1), (2), (4), and (6) in the alcoholic solution. The 
band (2) in both solutions' is the most intense, and it is also prob¬ 
able that the position of the'maximum of absorption is not very 
much removed from the centre of the' absorption band, so we may 
obtain the- displacement towards the red in the concentrated 
sulphuric acid solution by comparing'band'number' (2) in alcohol 
'with band number (2) in sulphuric acid. These bands we 'iiiay 
take at A =='5473 and 6040, giving a displacement of 567 Angstrom 
units towards'red.' In frequencies the figures are /=1827 and ^ 
"' 1656, with a displacement of 171. ',f^ 

■Antkracme-Um Table YY gives'the results for anthra-,'^ 

cene-blue, ' '' 
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Table YI. 


Solvent. 


Alcohol 


Sulphuric acid 


X for 

maximum. 

/-=i/x. 

A(1A). 

KelafcAe order 
of intensity. 

Remarks. 

f(l) 5655 

1768 

55 

— 


(2) 5487 

1823 

47 

— 

/-/- 

(3) 5348 

1870 

95 

— 

(4) (2) 142 

" (4) 5080 

1965 

37 

— 

/-/ = 

(5) 4905 

2002 

40 

— 

(5) (3) 132 

.(6) 4875? 

2051 

— 

— 

f(l) 6750? 

1481 

174? 

_ 


1(2) 6044 

1655 

143 

— 

/-/ = 

I(3) 5564 

1798 

120 

— 

(3) (2) 143 

[(4) 5100 

1927 

— 

— 


Potassium 

hydroxide 


/ Gradually rising curve from violet to red with an inflection 
J at about 5450 wixich shows that the cuiwe is not a single 
\ absorption band. 


Again, the effect of the sulphuric acid and of tlie potassium 
hydroxide is to displace the absorption towards the red, and the 
displacement clue to the sulphuric acid is not so great as that clue 
to the potassium hydroxide. The resolution is also much better 
in the solution in sulphuric acid. 


xilharhi-c^aimte in Various Solvents. 

The absorption spectra of alizarin-cyanine in various solvents 
have been examined, and the curves are given in Figs. 9 and 10. 
The results are also contained in table YII. 

Alizarin-cyanine was chosen for the purpose on account of the 
large number of narrow bands it gives in solution in many organic 
solvents and the ease with which corresponding bands can be 
identified in the various solutions. 

From Table VII, and also from Figs. 9, etc., it will be seen 
that the absorption bands can be recognised quite easily when dis¬ 
placed by the various solvents. The bands have been given dis- 
tiiigiiishiiig letters A, By etc. The last column of Table ^ VII 
contains the refractive indices of the various solvents for sodium 
light. According to Kundt’s law, the greater the refractive index 
of the solvent the greater should be the displacement towards the 
red. This' is, however, not the case. In many cases there is dis¬ 
placement towards the red, but this ^ is not always accompanied 
by an increase in the refractive index of the solvent. 

Looking at the graph of wave-lengths of maxima of absorption 
against refractive indices of solvents (Fig. 12), ,we see that,, if the 
solvents, of acid and basic nature .are. omitted, chloroform is, the 
only solvent nf those considered’, whicli violates ..Kundt’s law .to a 
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Table VII. (continued). 

Alizarin-cyanine id Various Solvents. 

Wave-lengths and frequencies of maxima of absorptions, Refractive 




mtmhenzene f 1722 1772 1815 1873 1913 2007 2042 
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large extent. Iseglectiug pyrkline, acetic aciclj and phenol^ there 
is a general tendency to displacement towards the larger wave- 
ieiigtli with increase of refractive index, but the nature of the 


Fig. 9, 



-- Metliyl ulcolmL 

— --^ jimyl „ 

Acetone, 


'solvent as regards acidity or basicity certainly has an effect on the 
'displacement of the absorption bands. 

The displacements caiinot be due' to absorptio'ii bands in the 
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infra-red of the spectra of the solvents^ for the ahsorption con 
siclered is that of the solution less that of the solvent. 

So far as the effect of solvent on the colour of the polyhydroxy 
aiithraqiiiiione dyes is considered, the results are: 

Fig. 10. 


S 0-'; 


-— Chloroform* 

— Qlmial metic acid, 
• - Eihcn 


(1) The absorption is displaced towards the red end of the spec- 
trnm by^ solution in sulphuric acid and in potassium hydroxide as 
compared with absorption of the alcoholic solution. 

(2) ,The displacement is greater for potassium hydroxide solution 




potassiH' 
on tlie V 
few neni 
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law is ill a general way true, but it is quite wrong wlieii acid and 
basic solvents are included. 

The, Change m the Ahsorjjtion Spectra Produced hy the Variation 
of the Number and Position of the Auxochromes. 

Previously (T., 1916, 109, 556), the generalisations formulated 
by Georgievics {Monatsh,^ 1911, 32, 329 et seq.') on the infiiieiice 
of hydroxyl groups on the colour of lakes were criticised, and four 


Fig, 12. 



Wavcdength of centre of same band in various solvents. 

rules were formulated which seemed to be more in harmony with 
the facts. Pursuing this point further, the absorption curves ,of 
^(1) alizarin (1:2-dihydroxyanthraquinone), (2) quiiiizariiie (1:4- 
diliydroxyaiithraquinone), (3) purpurin ^ (1:2:4-trihydroxyaiithra” 
quinqiie), (4) anthragallol (1:2:3-trihydroxyaiithraquinoiie) in 
sulphuric acid, indicated by the full lines. in Figs. ' 1 to 4 
respectively, have been resolved into symmetrical bands, shown hy 
the dotted lines in the figures. It has frequently been suggested 
by various experimenters that the absorption in the visible and 'in 
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tile ultra-violet portions of the spectriiiii is clue to electrons 
associated with masses of various magnitudes, and calculations in 
the case of some substances showing selective reflection gives a 
mass of the order of the molecule. If we take the elementary 
curves in Figs. 1 to 4 and And the ratio of the values of rnj'pt^ 
where m is the mass of the electron, e the charge, and p the 
number of electrons per molecule, for each set of elementary curves 
we obtain the numbers in table Till. 

Table VIII. 

Relative values of w/pe for 
elementary bands. 

Band No. 1. Band No. 2. Band No. 3* 

7 1 —- 

1 1 3 

2 I — 

4 , 2 ' 1 

From Table VIII we see that the value of for the alizarin 
bands increases with increase in the wave-lengt.h of the maximum 
of absorption, whilst the reverse is the'case with quinizarin. To^ a 
less degree, purpurin 'and ■ anthragallol show the ' same effect as 
qiiinizariii and alizarin respectively. In alizarin, the hydroxyl 
group are in the positions 1:2, whilst in qiiinizariii the groups 
are in the' 1:4-ppsitions. Similarly, purpurin is 1:2:4- and 
anthragallol is 1:2:3 -trihydroxyanthraquinone. Hence from the 
above, and also from the curves in Figs. 1 to 4, it will be seen that 
the effect of the position of the auxochromes seems to be as follows: 
the closer the hydroxyl groups are to each other in the benzene 
liiicleiis, the broader and less intense become the bands towards 
the red side of the absorption group. A comparison of the curves 
given in the previous paper for these substances in other solvents, 
for example, in potassium hydroxide, bears out the same bom 
elusion. Also it seems to be true'that the proximity' of the auip- 
chromes in the benzene nucleus determines the displacement 
towards the red, but the mere displacement towards the red with 
closeness of the auxochromes becomes relatively, unimportant when 
compared with the decrease in intensity of absorption and to the__. 
increase in the breadth of the bands on the red side of the absorp¬ 
tion group. So far as displacement toward the longer wave-leiigih 
-with proximity of auxochromes is concerned, that could be ex-', 
plained by an increase in the period of oscillation of the electronic 
due to an increase in the capacity of the whole system prodiicedj' 
by the closer proximity, of the auxochromes. 'The broadening of'-, 
the^ bands , relative to the intensity would be due to the increa'se : 


Substance. 

Alizarin ... 

Qiiinizariii.. 

Purpurin . 

Anthragallol .... 







POLYIIYDEOXYAOTITRAQITIKOKE DYES, ETC, 


985 


in iiie friction to wliicli the absorbing vibrating electrons are sub¬ 
jected j for if we take a simple absorption band produced by 
electrons moving according tO' tbe equation 

q)i ^^3: -f, }c -f- 'ijrx = E cos ft, 
dt‘-^ at 


then tlie term itrepresents the allowance made for friction, and 
dt 

tbe greater the value of h tlie greater tbe breadth of tbe absorp¬ 
tion band relative to its intensity, that is, tbe greater tbe friction 
tbe broader tbe absorption bands. 

Tbe results, tbeii, of bringing tbe aiixocbromes close together 
in the benzene nucieus are: 

(1) A displacement of tbe absorption * bands towards longer 
wave-lengths, and 

(2) A decrease of tbe intensity of tbe bands relative to their 


breadth. 

The latter result produces a greater change on tbe colour than 
the former. It is responsible for tbe brown colour of such dyes 
as anfbragalloi and rufigallol in certain solvents. 


Tlte. Ahnorptiotb Hpecfrib-m of Alizann-Cpruiine in Piperidine, 

When a solution of strength A/10*^ was prepared, 1 cm. thick¬ 
ness gave tbe absorption curve (1) in Fig. 13 half an hour after 
preparation. Taking tbe wave-length where tbe absorption is a 
rnaximuin as tlie centre of an absorption band, then curve (1) in 
Fig. 13 .jg'ives the bands tabulated in table IX. 


Table IX. 

Ba^nd. . A. ’ B. O. D, £/., F. ' 0. 

Wavederugth ...... 5990 5757 5544 5442 ' 5295 5153 5064 

Intensity .^. , 0A8 0*526 0*64 0*613 0*50 0434 0-354 

Relativ'>^e order of in¬ 
tensity . 5 3 ■ 1 2 4 ' 6 7 


Tb,e absorption changes ’while the observations are being taken, 
so time readings are necessary to obtain the absorption curve 

at. .adefinite time after the preparation of' the solution. Examina¬ 
tionof the solution immediately it has been prepared shows that 
the|, bands A , A, and E are absent, or at least very faint, and that 
wit^h time they begin to appear. When the solution is freshly 
pApared,, G is the most intense band, and next in intensity comes 
W* The solution was allowed to,remain in the dark' for- forty- 
'pen hours, ,and the absorption curve was then (2) of Fig, 13. 
'pie vessel remained sealed throughout the experiments from, the 








POliYHYDROXYANTHEAQUINONE BYES^ ETC* 


987 


tlie bands lias increased, and A and B have increased to a greater 
degree than G and Dj with the result that B is now the hand of 
maximum intensity. The w^ave-lengths corresponding with the 
■maxima of A and B have increased. That need not be considered 
as due to any shift of the bands, but merely as the natural dis¬ 
placement of the maxima caused by the change in the relative 
intensities of the A and B bands with respect to the C and D 
bands. Curve (3), Tig. 13, gives the absorption of the same thick¬ 
ness of the same solution seventy-one hours after preparation. 
The intensity of absorption throughout has decreased. The hands 
A and B still remain distinguishable, but C and B have become 
merged into one band. After ninety-five hours from preparation 
the same solution has only two bands remaining, namely, B and 
Z), with a slight suggestion of A. The intensity lias decreased 
further and the fading continues. The ’wave-Iengtlis of maxima 
of absorption are now 5902 and 5454, and comparing the absorp¬ 
tion curve (4) until the curve for alizarin-cyanine in concentrated 
ainnionia solution (5), a strong resemblance is observed. 

Fading of the solution, or, what is the same thing, general 
decrease in intensity of the absorption throughout, must be ex¬ 
plained by a decrease per unit volume of the number of vibrating 
systems giving the various bands, but the disappearance from the 
absorption curve of the individual bands A, C, E, F, and G can 
only be explained by a broadening of these bands. This, on the 
ordinary mechanical theory, would mean that the frictional 
element in the forced vibrations causing these bands was increased, 
and that therefore systems with periods differing from the true 
natural '.period by large amounts are made to resonate. It is not 
assumed, that the individual bands A, G, E, F, and G have dis- 
appeares'd entirely, but they have broadened to such a degree that 
the observed curve does not shour them resolved as separate bands. 

The conclusion drawn previously (T., 1916, 109, 555), that 
the more electropositive the nature of the radicle attached to the 
comjugate chain the longer will be the wave-length of the maxi¬ 
mum of the absorption band,"' is supported by the comparison of 
the absorption curves of alizarin-cyanine in alcohol and in 
piperidine. In this case, the absorption curve of the solution in 
piperidine shows an intensification of the bands toward the longer 
WAve-length and a diminution of the intensity of the bands towards 
the shorter' wave-length. With the soliition in potassium hydr¬ 
oxide, and the dyed fabrics on chrome, alum, and tin mordants, 
the absorption curves were hroad'and did not show the ^separate 
bands as such. , This would mean that the friction is much greater 
these' mordanted' fabrics mud also in 'the potassium hydroxide^ 
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solution than in tlie alcoholic solution, and tlie displacement of 
the centre of the broad resultant band would tlieii be given by 
the increase of tlie intensity of the elementary bands towards tlie 
red end of tlie spectrum wdien tlie electropositive nature of tlie 
radicle is increased, 

Dacca College, 

Dacca, E. Bexgal, 

India. [Eeceivccl^ May 25^/g 1917,] 


X.XXiV. — Actmi of Phenylhyclrazine on O'pianic, 
Niiro-opianic, aJid Phthalonie Acids: Some 
Derivativm of Hydrazo- and Azo-phthaliden 

By Pbafulla Chandea, Mitteii and Jnanendra Nath Ben. 

The action of plienjdliydrazine on opianic and nitro-opiaiiic acids 
was first studied by Liebermaiin {Ber,, 1SS6, 19/763), who found 
that in the case of opianic acid one molecule of the acid reacts 
with one molecule of phenylhydrazine, with the elimination of two 
molecules of water and the formation of a compound insoluble in 
alkalis, to wdiicli he attributed a ring structure. 

In the case of iiitroopiauic acid, an intermediate product soluble 
ill alkalis, which therefore was regarded as the onlinary"' plieuyl- 
hydrazine derivative of iiitro-opiauic acid, was isolated. This sub¬ 
stance could be purified by dissolving in cold acetone .and pre¬ 
cipitation with water. On recrystallisation from glacial acetic 
acid, ho"wever, it was converted into a compound insoluble in 
alkalis and containing one molecule of water less than the phenyl- 
hydrazine derivative, and to this compound too ring strii^ture 
was assigned. ' s 

A behaviour similar to ■ that .of opianic acid on treatment with 
phenylhydrazine had been observed by Roser in' the case of a 
iiimiber of o-k'eto-carboxylic acids {Ber,, 1885, 18, 802). In every 
case, from one molecule of keto-acid and one molecule of phenyl- 
hydrazine two molecules of water instead of one were eliminated, 
with the formation of, ring compounds. Intermediate phenyl¬ 
hydrazine derivatives formed by the primary action of phenyl¬ 
hydrazine on the' akiehydo-group could not be obtained. 

For the preparation of these compounds, Roser heated the sub¬ 
stances in alcoholic solution with phenylhydrazine and acetic acid, 
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whilst Liebermaim treated the substances in aqueous solution with 
pheiiylhydrazine hydrochloride and sodium acetate* In both cases 
the reaction took place in the presence of acetic acid. 

It has been found that in ethereal solution and with the free 
base the reaction takes place in a novel manner, with the loss of 
only one molecule of water. The products can in some cases be 
crystallised from dilute acetone. They vary in their degree of 
stability, and in some cases remain unchanged for days, especially 
during the cold season. 

On treatment with acetic acid, the substances are instantaneously 
converted, by loss of a further molecule of water, into ring com- 
pounds identical with those obtained by Liebermann and others. 

For the plienylhydrazine derivative (for example, from opianic 
acid) ’we have the choice of two alternative formulae, 


',CH:N-h[HPh 

;co2H 


OH(NH-NHPh)^^ 


(I.) 


( 11 .) 


AVe are in favour of formula II, because on subsequent oxida¬ 
tion with mercuric oxide in acetone solution, the plienylhydrazine 
derivatives are converted into deeiD-coloured substances which give 
all t}ae usual reactions of azo-compounds. The formation of an 
azo-cpmpound by oxidation is a definite indication in favour of 
the Ihydrazo-structure. With the ordinary formula, such a change 
cannot be explained without assuming a considerable amount of 
molecular rearrangement and redistiibution of linkings. 

TJhe azophthalides which have been prepared in this way repre¬ 
sent’ an altogether new class of azo-compounds. 

TiL.3 mechanism of the reaction in this case, and in the case of 
ami lies generally, appears to be as follows. The elimination of 
wat er takes place, in the first instance, between the aldehydo-groiip 
on Ithe one hand and the amino- or imino-group on the other. The 
hyd<rogeii atom of the carboxyl group subsequently oscillates to 
the.miitrogen, forming a jihthalido ring. 

I In the case of a primary amine, the change may be represented 
thiiis: 


3 

\ 


\/\ 


ch:nr 






' t ! 

Ii|i thb case of secondary amines, two molecules of the amine react 
w^ith :‘oiie 'molecule of the aldehyde, and when the hydrogen atom 
ol tim carboxyl group oscillates to,the ni.trogen atom, a molecule 
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of tile amine is regenerated, iTliicii is at once detaclied from tli© 
condensation product, tliiis: 


P/\CH(XRE% V^''CH(NER'KoxXHRR' 

^ -^ , 

Ill tlie case of piienylliyclrazine tlie action is exactly similar, tlins: 




N/XcHf NH •NHPh)v 


Tlie foniiation of stable azo-compounds by oxidation would tbus 
be readily explained, and they would have the structure repre¬ 
sented below: 



The oscillating hydrogen atom' can, of course, revert at any 
moment to the original position, which it apparently does in acid 
and alkaline media. This explains the solubility of the substance 
in alkalis, as well as the formation of the phthalazone ring under 
the dehydrating influence of different acids. 

On oxidation to the azo-compounds, the hydrogen atom is 
removed, wuth the result that the products become insoluble in 
alkalis, unlike the liydrazo-compounds. 

Such oscillation of hydrogen of the carboxyl group to doubly 
or trebly linked atoms or radicles in the o-positioii with respect to 
the carboxyl group is not without many parallels. 


E X P E R I E N T A L. 

Interaction of Phenylhi/drazine and O'pianic Acid. \ 

Opianic acid is rather sparingly soluble in ether, but on adding 
the acid' to an ethereal solution of phenylhyclrazine it diss-Llves 
readily. The solution on keeping deposits minute crystals o| the 
pheiiylhydrazine derivative. \ 

Five grams of phenylhydrazine hydrochloride were treated with 
sodium hydroxide, and to the ethereal solution of the liberated 
base 5 grams of opianic acid, were gradually added with,constant 
stirring, the vessel being kept cool with ice-water. The aphl dis¬ 
solved, and on scratching the sides of the vessel minute crystals 
soon appeared. To ensure completion of the reaction, the mixture 
was allow^ed to remain for about half an hour. The precipitate 
was w^aslied repeatedly with' ether 'and then dried in the airl ^Jh© 
yield was 5*5 grams. 
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The substance crystallises from dilute acetone in pale pink 
needles melting and decomposing at 146°. It is soluble not only 
in dilute alkali carbonate, but also in dilute sodium hydroxide and 
ammonia, and less readily so in sodium hydrogen carbonate. In 
the cold it does not dissolve in hydrochloric acid, but on warming 
solution takes place. Concentrated nitric acid dissolves it immedi¬ 
ately, with the evolution of nitrous fumes and the production of 
a deep red colour. AYith concentrated sulphuric acid, it gives no 
colour. Acetic acid transforms it into the ring compound: 

0-1454 gave 0*3413 CO^ and 0-0786 H^O. C = 64*02; H-=6*01. 
0-0996 „ 7-9 c.c. 21*5° and 760 mm. N = 9-19. 

requires C = 64-00; H=:5*33; N-9*33 per cent. 

The substance was dissolved in dilute standard alkali and the 
excess of alkali titrated with standard oxalic acid. It was found 
to be monobasic. 

0*1889 required 6*4 c.c. iY/10-acid, whilst this weight of a mono¬ 
basic acid of the above formula requires 6‘'28 c.c. iT/10-acid. 


Fhenylazomeconin, 

One gram of phenylhydrazomeconin (formula II) was dissolved 
in 25 c.c. of pure acetone (free from methyl alcohol) and heated 
on the water-bath with 4 grams of red mercuric oxide, the liquid 
being kept almost at boiling point. The colour of the solution 
gradually changed to crimson-red. After remaining overnight, the 
mixture was filtered and the filtrate allowed to evaporate in the 
air, wlien a pasty mass was left which became hard on treatment 
with ether. The substance was dissolved in acetone and ether 
added to the solution. A pale yellow, flocculent precipitate was 
formed which had a tendency to become tarry, and, after removing 
this by filtration, the filtrate was allowed to evaporate in a vacuum 
over eulphuric acid. A residue was left which, after crystallisa¬ 
tion from dilute acetic acid, was obtained as a yellow, crystalline 
powder melting at 164°. 

Phmiylazomeconin gives all the usual reactions of an azo-com- 
pounci. With concentrated sulphuric acid it gives a violet colour. 
The c olour of the substance itself is discharged by treatment with 
a solu.tion of stannous chloride and hydrochloric acid. It dissolves 
in gla’fiial acetic acid with a red colour, which intensifies on warm¬ 
ing. If -to this solution zinc dust is added and the whole heated 
for a moment, the colour changes to pale yellow, with the forma¬ 
tion of precipitate. In alcohol, it dissolves with a pink colour, 
which deepens on the addition of alkalis., It is readily 'soluble'in 
acetone,;'' chloroform, or ,beiizene: 
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(Vi034 gave 0-2438 CO. and 04)449 H.O. C = 64*34; Hr.4*82, 
0’1003 5 , 8*4 c.c. No at 25° and 760 mm. N = 9*59. 

i'eqiiires C = 64*43; H = 4'69; N = 9'39 per cent. 


Phenylopiazort e. 

One gram ot pheiiylliydrazomeconin was dissolved in liot glacial 
acetic acid, tlie solution boiled for about five minutes, and water 
addeclj when the ring conipoiiiid wms precipitated in almost colour¬ 
less flakes. It was purified by redissolving it in dilute acetic acid 
and boiling with animal ciiarcoai. On filtration and cooling, 
crystals separated wbicb were perfectly transparent and melted 
sharply at 175° (Foimd: C,=:6S*62; H = 5*26. 
requires C = 68*0B; H=4'96 per cent.) This substance is identical 
with the^ opianylphenylliydrazide described by Liebermaiin. 

It is, insoluble in alkalis or alkali carbonates and does not 
develop any colour with concentrated sulphuric or nitric acids. 

Interaction of Fhenyllujdrazine and Nitro-oinanic Acid. 

To an ethereal solution of phenylhydrazine (from 1*5 grams'" of 
the hydrochloride) 1 gram of nitro-opianic acid "was gradually 
added. In a few minutes, after 'Solution was complete, a red oil 
settled to the bottom,'which, on stirring, solidified to a crystalline 
mass, which w’as collected and washed with ether. It crystallised 
from dilute acetone in red needles melting at 184° (Eouncl: 
17 = 12*26. C 3 QHj 50 giS [3 requires ]Sr=12*17 per cent.), evidently 
identical with Liebermanii’s '' nitro-opianic acid plieiiylhydraziiie.’' 
The substance is soluble in alkalis or alkali carbonates. With 
sulphuric acid it gives but a pale green colour. 


PlienyJazonitromecorYn. ; 

Phenylhyclrazonitromeconin (0*8 gram) was' dissolved in 15, c.c. 
of pure acetone, and 1*5 grams of red mercuric oxide were added. 
The liquid was kept'gently boiling,on a water-bath under reflux 
for about two' hours, after which it was left at the 'Ordinary 
temperature for twenty-four hours. The mixture was then. filtered, 
the residue repeatedly extracted with boiling acetone, and the 
acetone solution evaporated, when a brick-red, crystalline mass was 
obtained. This was treated with excess of sodium carbonate to 
remove any trace of the hydrazo-compound, thoroughly Vaslied 
with , water, and crystallised from dilute acetone, from which it 
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separated as an orange, crystalline powder melting sliarpiy at 217‘^. 
Tlie substance is sparingly soluble in acetone and insoluble in all 
oilier coinnion solvents. With concentrated sulphuric acid it gives 
a blue colour': 

0-0959 gave 0-1976 CO^ and 0*0286 H.p. C = 56*19; H = 3*32. 

0*1632 „ 17 c.c. No at 20° and 760*01 mm. N = 12*14. 

reciLiiresC^55*97; IT=3*79; N-12*26 per cent. 

Interffciian of Fheriylhj/rlmzine and Flitludonio xiekL 

AVitli plitlialonic acid and phenylhyclrazine an intermediate 
liydrazo-compound was obtained which could be oxidised to the 
corresponding azo-compoimd by means of mercuric oxide in acetone 
solution. It was also converted into the corresponding ring com¬ 
pound by dehydration with acetic acid. The liydrazo- and azo- 
compounds have not, however, been obtained in a condition 
sufficiently pure for analysis. 


, F}ienylplithalazonecw'J)oxylic Ackl^ 

dNcO-NPh. 

\Pc(C02H):n 

One gram of pheiiylhydrazophthalidecarboxylic acid was dis¬ 
solved in warm glacial acetic acid and hot water added to the solu¬ 
tion. On cooling, crystals of the ring compound were obtained in 
matted needles melting at 208°^. The substance is identical with 
the anhydrophenylhydrazine-o-carboxyphenylglyoxylic acid pre¬ 
pared by Henriques {Brr., 1888, 21, 1610). 

Further investigations are in progress. 

Stu T. N. Falit Laboratorv, 

COLLEOn OP SoiEUOE, , 

University dp Calccitta. 


{EeceJimk J'iote IMi, 1917.] 
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LXXXV .—Studies of the Carhonates, Part ILL 
Litkitmi, Calcium , and Magnesium Carhonates. 

By Claeexce Arthur Seylek and Percy Yiyiax Lloyb. 

Lith iIt m- Garhonate . 

Air uxts drawn tliroiigli an xT/lO-solutioii of litiiiiirii liydrogen 
carbonate at^ 25®. Tlie- percentage of carbonic acid in tlie air was 
deteriiiiiied as in the previous paper (this vol., p. 138), by draw¬ 
ing air through an A/10-solution of sodium carbonate. 

C”100’5xl0~® gram-equivalents per litre [HoC 03 ] = 0'0105 x 
10-3 

100aj = hydrogen carbonate 40'65 per cent. 

100(1 - a?) = carbonate 59*35 per cent. 

This result is identical wdthin the limits of experimental error 
with that for sodium carbonate at the same concentration, and 

gives ^ = 53*26. 

Air w^as drawn through water containing litliium carbonate in 
excess, c = 363 x 10-3 equivalents. 

100;r= hydrogen carbonate 23*4 per cent. 

100(1—rr)=: carbonate 76*6 per cent. 

This result agrees with McCoy’s value for sodium carbonate at 
the same concentration. 

Lithium carbonate, when shaken with water alone (£?=:338x 
10-3^^ behaved analytically like a pure carbonate. It is evident, 
therefore, that the ionisation of lithium carbonate and hydrogen 
carbonate can be taken as equal to that of sodium carbonate and 
hydrogen carbonate. 

A series of experiments was made, the results of which, although 
only p>reliininary, are worth recording. Lithium carbonate was 
shaken with w''ater containing increasing amounts of carbonic acid 
in bottles without air space until eqtiilibrium was presumed to be 
reached. The proportion of carbonate and hydrogen carbonate to 
total base was ascertained by double titration without special pre¬ 
cautions, except against loss of carbonic acid. , The solid phase, 
even when the solution contained chiefly hydrogen carbonate, 
appeared to be lithium carbonate, as determined by dissolving a 
portion in pure water and titrating as above. The concentration 
of the free carbonic acid was not determined, but can be approxim¬ 
ately calculated by the equation [H 2 CQg] and is 

r . . [COgJ 
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siiiall ill any case. Tiie object was to ascertain wbetlier the solu¬ 
bility product [Li]^ x [COg] was approximately constant. Such 
experiments would afford a criterion as to whether the intermediate 
ion LiCOg really exists, since if it does the lithium ion concentra¬ 
tion will be [IlCOg] -f [LiCOg] -A 2[COo], whilst if it does not, it will 
be [HC 0 g]-F 2 [C 03 ]. 

If h is the molecular concentration of the total hydrogen 
carbonate and c that of the carbonate, as determined by analysis, 
we should have in the first case [Li] = a(6 4 -c) + j8c, and in the 
second [Li^J — ab+ ; j8 is taken to be the same as for sodium 

carbonate at the same total lithium concentration and a to be the 
same as for sodium 'acetate at the same molecular concentration, 
that is, at the concentration b + c. The noii-ioiiised [LigCOgl will 
be (l-a)6 and the [LiC 03 ] = c(a —j8). 

Equivalent 

concentration. 

6-t2c. 

338X10-» 

363 

364 
386 
406 
700 
818 


.8. 

0-295 

0-285 

0-285 

0-275 

0-267 

0-187 

0-165 


64-0. 

b. 

a. 

[HCO,]. 

c. 

169 X10-3 

0 

0-75 

0x10- 

-3 169 X 10-3 

224 

85 

0-72 

61-2 

139 

215 

60 

0-72 

47-5 

149 

248 

110 

0-71 

78-1 

138 

282 

158 

0-70 

110-6 

124 

635 

570 

0-595 

339-0 

65 

773 

728 

0-5G 

407-7 

45 

[COgl. 

[Li.] 

[Lt]. 

[Li]x3[C03t 

. [Lnx3[CUd 

49-85x10 

176-SxlO-’ 99-7xlO-M-553x 10-^0-495x 10-' 

39-60 

200-9 

140-4 

1-598 

0-780 

42-50 

197-3 

132-5 

i-654 

0-740 

37-9 

214-0 

153-0 

1-736 

0-89 

33-2 

230-6 

177-0 

1-765 

1-04 

12-1 

389-9 

363-2 

1-84 

1-59 

7-42 

441-2 

422-5 

1-46 

1-32 ' 


On the assumption of an intermediate ion, the value of 
[Lip X [OOg] is fairly constant, whereas 011 the other assumption 
there is no constancy until the effect of the intermediate ion 
becomes negligible. It will be found that although [Lip x [CO 3 ] is 


approximately constant, 

that EdhM =/a 


the non-iouised [LLCOg] diminishes, 


increases, 


Since 


= 


IS 


[LiOOg] 

143), it follows that the pro- 
approximately constant. It 


[LigUOgJ 

roughly constant'^’ (see this voL, p. 
duct [Li] X [LiCOg] must also be 
seems, therefore, that it is the non-ionised molecule that does not 
follow the law of mass action, or of which the concentration is not 
a' true measure of the active mass. These experiments indicate a 
line of research which us worth pursuing by experiments in which 
all the conditions are accurately controlled. 


VOL* OXI. 


Q Q 
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OaJtAum Oarho>Hit€. 


Stiegiitz {C-arnegie Imtitntion~ Puh., 1909, Xo. 107) and McCoy 
and Sraitli (J. A\-mer. (Jhem. Soc.. 1911, 33, 468) liave calculated 
the soliihility product [Ca] x [CO^^] = Z*i of caleiuni carbonate from 

the value of 9 ^[Ca]x[C 03 ] obtained by Sehlcesiiig (or by McCoy 
and Smitii). 

Stieglitz used the value = 6‘9 x and McCoy and Smith 

o‘5x 10-11. 


It has been shown (Part II., loc. cit.) that these values are prob¬ 
ably too high. We found the values Z -3 = 4'27 x IQ-n, =7124- 

and yl =19*2xlO-h Consequently, the value of [Ca] x [COs]^ Z-j 

obtained by Stieglitz and by McCoy and Smith is too high. Taking 
the result of McCoy and Smith's experiments, we have 

2h-i = 102-5xl0-«, whence [Ca] x [C 03 ] = ;:H = 71-9 x 10-“ at 26°. 

McCoy and Smith calculated it to be 93 x 10 “and Stieglitz 

126xl0“ih 

This high result explains why the calculations of the solubility 
of calciiiiii carbonate in pure w a ter ^ have, hitherto been materially 
larger than the value found by experiment. 

McCoy and Smith, for instance, calculated it to be 16*6 x 10“^ 
gram-iiioleciiles per litre at 25'^, whilst Kendall (FhiL Mag.^ 1912, 
[vi], 23, 958) found only 14*33 x 10“L 
We recalculate it on a basis of [Ca] x [ 003 ] = 71*9 x 10 “^®, as 
.follows: The pure calcium carbonate is largely hydrolysed at this 
dilution, thus: 

CaCOg - 3 ’- 2 KP = Ca(OH )2 + Ca(HC 03 ) 2 , 

where the concentration [HCOg] —[OH]. Therefore 

[fa] = [ 00,1 + 15^+ M= [COJ + [HCO 3 ]. 

Also 

[HC 03 ]x[OH]_&,„_[HCO,y 
[COJ k, ^ LOO 3 ]- . 

If 100.E is the percentage of the calcium carbonate hvdrolvsed, 
[HC 03 ] = 4{Ca], 

[C 03 ] = (l-.^.)[Ca], 

5L[Oa] = b°=l'^ 2 x 10-4. 

But [Ca]x[CO 3 ] = [CaP(l_a;) = 71-9xl0-“ 
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have two^ equations for [Ca] and .v wiiich are satisfied by 
a] = 14“6xl0"^ and —0*666; tliat is to say, the soliihility of 
calcium carTboiiate vsrill be 14*6 x 10~^ gram-molecules per litre^ of 

which two-thirds will be hydrolysed. The alteration of to 

h 

1*67 X 10"*^ will make very little change. [Ca] will become 
14*24 X 10“''> and .r = 0'645. 

The solubility of calcium carbonate, using normal air, can also 
be calculated: 


[HCO,J 2 

Therefore, 


7124 [Ca]x [OO 3 ]-71*9 X 10-^0 [HCOJ- 

2 ([Ca]-[C 03 ]). 


([Ca]-[C03])2^7124 
[CO 3 ] 4 




For air containing 0*037 per cent, of carbon dioxide [H 2 CO 3 ] at 
25° will be 1*221 x 10~^. This will give [a] = 54*7 x 10"^, lint Ken,- 
dall found coiisiclerably less. His result appears to be low. In an 
experiment conducted at about 15° it was found that after twenty- 
eight days the soluhility of powdered limestone suspended in water 
through which air from outside the laboratory was drawn was 
33*7 X lOr®- After sixty-nine days it rose to 54*2 x 10 "and after 
two hundred and forty days to 57*5 x so that equilibrium is 
only slowly reached. 

Assiiining 0*033 per cent, of carbon dioxide in the air, [H^COg] 
at 15° = 1*475 X 10"®. This will give [a] = 58*2 x 10“®, against 
57*5 X 10”® found. 

, For air containing 0*0333 per cent, of carbon dioxide, Schloesiiig 
found (at 18°) 54*88 x 10"®. 

The solution of tlie carbonate in equilibrium with air was found 
to have a slightly alkaline reaction to phenolplitlialeiii. (For a full 
discussion of the subject, see Johnston and Williamson, J. A men 
Ghem. Bern,, 1916, 38, 975.) 


2f. afjite,A} u m (Jarh 0 // ate. 
Bodlauder has calculated the ratio 

[Mg ix[aco,p . 
fH,C 03 ] 

from Engels exi>eriments on the solubility 


= kMg]x[CO,]. 


of crystallised 


magnesium carbonate', MgC 03 , 3 H 20 , in water containing carbonic 
acid under pressures of from to 6 atmospheres. ±\t these tensions 
the carbonate is a stable solid phase. The difficulty presents itseh' 
that the carbonate, unlike calcium, barium, or stroiitiiiiii carbon- 
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ates, is iiot sparingly soluble. Sngei states that it is soluble in ^ 
water to the extent of 11'5 x i0~-^ grani-niolecules per litre at 12" 
and Bodlander assumes that 56 per cent, is dissociated^, gb'iiig ^ 
concentration of 5*06 x 10“^ for the iion-ioiiisecl part; wliicli Bod- 
lander deducts in calculating the concentration of the magiiesiimi 
and liydiogen carbonate. However, this is erroiieons. Crystallised 
liiagnesiiini carbonate has no deiinite solubility in pure water. It 
is deeonip'Csecl into iDasic coinpouiicls, and the solution contains 
iiiagnesiuni hydrogen carbonate with a certain aniouiit of ionised 
and iicii-ioiiised carbonate. 

The inagiiesiiiin in solution depends on the ratio of waiter to solid 
employed, and the equilibrium takes some time to reach completion, 
Tiie followniig results bearing on tliis question were obtained. The 
total carbonic acid was determined by Dittniarh *' vacuum method ' 

Quantitative Clieniicai Analysis,*' p. 227) used by him for sea¬ 
water, the ^ fixed' carbonic acid by titration with methyl-orange as 
indicator: 


Time 

(days). 

Water Cm?? 

Solid ’ 2 ‘ 

CMg(HC 03)2 

2 

CMgCOjj. 

[CO,] 

[MgO]' 
in solids 

[HjCOsl. 

440 

unknown 5*98x10' 

"3 1.58x10-3 

2-20x10“ 

”3 0-775 


440 

370 8*48 

3-48 

2-50 

0-772 


— 

15-96 

10-21 

2-87 

.— 

0-0103 X 10-5 

335 

unknown 31-0 

22-15 

4-57 

0-79 


47 

17 47-5 

34-1 

6-70 

0-84 


338 

unknown 48-9 

33-9 

7-50 

— 


47 

8-5 60-0 

46-6 

6-70 

0-79 


47 

2-0 76-62 

03-5 

6.56 

0-79 



The subject deserves careful investigation, but it is evident that 
the carbonate below a certain tension of carbonic acid is decom¬ 
posed imtil the solid phase is not far removed from liydromag-' 

iiesite, 3 MgC! 03 ,Mg(OH)., 3 H.O j^^ = 0-75'), which is, 

stable over a fairly wide rang© of concentration of carbonic acid. 
The magnesium remains in solution largely as hydrogen carbonate, 
with a proportion of carbonate both ionised and non-ionised. The 
main reaction is, approximately 

bMgCOg 4- = 3MgC03,Mg(OH)o + Mg(HC03).>. 


Coiisec|iieiitlY, the greater the- amount of magnesium carbonate in 
relation to the water the greater is the conceiitratioii of the solu¬ 
tion. The dissolved carbonate with increasing concentration (and 
when' sufficient time is allowed) becomes nearly constant at a value 
about 7'5 X 10-^ gram-molecules per litre. This is probably almost 
entirely noii-ioaised. The follovnng experiments show that iiiag- 
nesiimi carbonate, is only slightly ionised, even at high dilutions. 

Air was drawn through water containing magnesium carbonate- 
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ill suspension at ^5^, The percentage of carbonic acid in the air 
was determined by drawing it through an .T/10-sol iitioii of sodium 
carbonate and detexmiiimg the proportion of hydrogen carbonate 
and carbonate. 

Total magnesium in solution■■= 15‘96 x 10"^ gram-equivaients per 
litre. Hydrogen carbonate —63*97 per cent.; carbonate = 36’03 per 
cent. Concentration of free carbonic acid =:0*0103 x 10“^: 




10*212 

“2-87xOOf03 


= 3520. 


A similar experiment was made with a solution of about the same 
concentration, but no solid w’as present. 

Total magnesiimi in solution = 18*65 x 10“^ gram-equivalents. 
Hydrogen carbonate = 60*48 per cent.; carboiiatei = 39'5’2 per cent.: 


11-282 


3-42x0-0103 


= 3612. 


The mean valiio of kc is 3566 for a concentration of 17*3 x 
equivalents. Taking the ionisation of the magnesium hydrogen 
carbonate as equal to that of magnesium nitratej say, 0*84, we cal¬ 
culate j8 as follows: 


.__3566 
^ 7124 


a2 = 0-353. 


Evidently even at an equivalent concentration of 17*3 x 10”^ 
inagnesiuni carbonate is only slightly ionised. From the above 
experiments w© calculate the relation: 


plg]x[00,] 

[MgCOj 


= 5-5x 10-s. 


It would be possible by careful experiments to determine ^ for 
higher concentrations, but it is evident that at such concentrations 
as obtained in EiigeTs experiments the magnesiimi carbonate ivill 
be practically non-ioiiised. Some- experiments of Treadwell and 
Heuter (Zeif.seh. anorg. Chcin,, 1898, 17, 200) are iiiifortunately 
not available for calculating j8, since the solutions are not in true 
equilibrium with the gaseous phase, but they show that beyond 
concentrations of magnesium of 50x10“^ equivalents the amount 
of carbonate is practically constant. The maximum value is 
9*0 X 10"“'^ gram-molecules per litre. We will take this as the con¬ 
centration of the non-ionised carbonate in EngeFs experiments. 
These were carried out at 12*5°, The concentration of the free 
carbonic acid lias to be calculated from the pressure, which is not 
strictly correct for carbonic acid: 
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Pressure. 

Atmo- 

sp lier es. CIu g — 0). 

a. 

[Mg]. 

[HCO,]. 

[HoCO,,]. 


f>5 245>. 

0-6S6 

108-1x10“- 

336*2 X 10" 

-•■5 21*55x10“^ 

8il7 

1-0 Si6 

0*680 

219*8 

429*6 

41*80 

94*80 

i«5 374 

0*675 

252*4 

504*8 

60*9 

105*6 

2*0 407 

0*672 

273*5 

547-0 

79*8 

102*5 

2-5 435 

0-670 

291*5 

583*0 

99*75 

99*3 

3*0 456 

0*069 

305*0 

610*0 

116-4 

97*5 

4*0 509 

0*666 

339*0 

678-0 

151*6 

102*8 

6*0 603 

0*662 

399*2 

798-4 

217*2 

117*2 


Mean. 100-57 


Tlie cojicentratiuii of the ion is eaieiilated from the relation: 


[CO3] 


[H,C03]x'7i26- 


From these tigures we may calculate the value of the '*' solubility 
product,” [Mg] ^^[COg], namely, 141*2 x 10“^. 

These estimates of the solubility product ” must be subject to 


correction for the value of which is strictly only known for 25“^. 


Co if elusions, 

( 1 ) Litliiiiiu carbonate is ionised to the same extent as sodium 
carbonate. The ionisation takes place in two stages, Li 2 C 03 = Li + 
LiCO-j and LiCOg = Li 4 -CO^. Consequently, the concentration of 
the litiiiiim ion is more than double that of the COg, ion, and can 
be calculated. If this is done, it is found that the solubility 
product,”' [Li]- x [CO 3 ], is practically constant over a wide range, 
thus eoiifirmiug the assumption made. 

( 2 ) Tlie solubility product of calcium carbonate. [Ca] x [COg], is 
about 71*9x19”^'^, and has hithertc been put at toO' high a value. 
It is shown that this agrees with a solubility of calcium carbonate 
in pure water of [Ca] = 14'6 x 10“*^, and that the salt is hydrolysed 
to- the extent of 68 per: cent. 

(3) Crystallised magnesium carbonate has no definite solubility 
in pur© water. It decomposes into basic carbonates and magnesium 
hydrogen carbonate, whilst a certain amount of carbonate is also 
dissolved. ' Over a wide range, the reaction approximates to 
5 MgC 03 + 2 a >0 = 3 MgC 03 ,Mg( 0 H )2 + Mg(HC 03 ) 2 . The larger the 
amount of carbonate in relation to the water the larger is the 
amount of dissolved hydrogen carbonate, but the carbonate tends 
to reach a limit. 

(4) It is shown that at an equivalent concentration of 17*3 x 10 
magnesium carbonate is only ionised (as regards the COg ion) to the 
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extent of about 35 per cent., and probably at liigli concentrations 
it is only ver}^ slightly ionised. 

Til© solubility product ” of magnesium carbonate at concentra¬ 
tions of free carbonic acid at Avliich tlie carbonate is a stable solid 
phase lias been calculated from Engel’s experiments, aii-d is found 
to have the value 141 x 10"®. 

{Received, August 1917.] 


International Atomic Weights. 

The Council lias ordered the following letter and Table to b© 
printed in the Journal of the Society: 


Whinfield, 

SalCOMBE, 

S. Devon. 

October 1st, 1917. 

Bear Sirs, 

I beg to inform you that the International Atomic Weight 
Committee have decided to intermit their Annual Reports, owing 
primarily to the fact that certain of its members are largely 
occupied with matters arising out of the War, and that it has 
been found difficult owing to the interruption of communications 
to keep ill correspondence. Furthermore—and this is the more 
important circumstance—practically ail experimental work on 
the subject of Atomic "Weights is for the time being interrupted; 
indeed, with the entrance of the United States of America into 
the War, it may be said to be for the present wholly at an end, 
and no memoir of importance has made its appearance since the 
issue of ’the last Report. 

As no change has been shown to be required in the Table last 
published, it is suggested that it should be reprinted as it stands 
and regarded as current for 1918. 


T'he Hon, Secretaries^ 

The Chemical Society, 
B'urlingion House, 
London, IF. 


I am, Gentlemen, 

Your obedient Servant, 

T. E. Thorpe. 
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1918. 

International Atomic Weights. 



Symbol. 

Atomic 

weight. 


Symbol, 

Atomic 

weight. 

Aliimimiim. 

. Al 

271 

Molybdenum . 

.. Mo 

96*0 

Antimony. 

.Sb 

120*2 

Heodyiniuiii. 

.Nd 

144*3 

Argon .. 

.A 

39*88 

Heon. 

.Ne 

20*2 

Arsenic . 


74-96 

Hickel . 

..Ni 

58*68 

Baiiiini... 


137-37 

Niton (radium emanation) Nt 

222*4 

Bismuth .. 

. Bi 

208-0 

Nitrogen . 

.N 

14-01 

Boron . 

.B 

11-0 

Osmium . 


190*9 

Bromine .— 

.Br 

79*92 1 

Oxygen. 

..0 

16-00 

Cadmiiiin. 

..Cd 

112*40 j 

Palladium. 

.Pd 

106-7 

CjBsiam. 

.Os 

132*81 

Phosphorus. 

.P 

31*04 

Calcium . 

.Ca 

o 

o 

Platinum.. 

.. Pt 

195*2 

Carbon. 

.0 

12*005 I 

Potassium. 

.K 

39-10 

Cerium.. 


140*25 

Praseodymium. 

.Pr 

140*9 

Chlorine . 

.Cl 

36*46 

Radium. 


226*0 

Ghromrani . 

.Or 

52*0 

Rhodium .. 

.Rh 

102*9 

Cobalt . 

.Co 

5S-97 

Rubidium. 

.Rb 

85*45 

Coliimbmin. 

.. Cb 

931 

Ruthenium . 


101*7 

Copper. 

.Cu 

63-57 

Samanum.. ... 

.Sa 

150-4 

Dysprosium...... 

.Dy 

162*5 

Scandium.. 

. Sc 

44-1 

Erbium . 

.Er 

167-7 

Selenium .. 

.Se 

79-2 

Europium......,,.., 


152*0 

Silicon ... 

..Si 

28*3 

Eluoriiie . 

.F 

19*0 

Silver . 

.Ag 

107*88 

Gadolinium. 

.. Gd 

157-3 

Sodium.. 

.Na 

23*00 

Gallium . 

.Ga 

69*9 

Strontium . 

.Sr 

87*63 

Germanium .. 

..Gs 

72*5 i 

i Sulphur . 

.. S 

32-06 

Gluciuum. 

.GI 

9*1 i 

j Tantalum . 

.Ta 

181*5 

Gold... 

.An 

197*2 ; 

: Tellurium... 

.Te 

127-5 

Helium. 

.He 

4*00 ; 

Terbium . 

.. Tb 

159*2 

Holiuhim.. 

..Ho 

163-5 j 

Thallium. 

.T1 

204*0 

Hydrogen. 

.. H 

1-008 I 

Thorium . 

.Th 

232-4 

Indium... 


114*8 

Thulium . 

. Tra 

168*5 

Iodine . 

.I 

126*92 

Tin . 

.. Sn 

118*7 

Iridium..,.. 

............. Ir 

1931 

Titanium. 

..Ti 

48*1 

Iron .. 

. Fe 

55-84 

Tungsten.. 

.......... W 

184*0 

Krypton .. 

..Kr 

82*92 

Uranimn . 

. U 

238*2 

Lanthanum ...... 

.. La 

139*0 

Yanadiim . 

. V 

51*0 

Lead... 

.. .....Pb 

207*20 

i .Xenon .... 

.. Xe* 

130-2 

Lithium 

... Li 

6*94 

Ytterbium (Neoytterbium) Yb 

173*5 

Lutecium.. ...... 


175*0 

Yttrium . 

. Yt 

88*7 

Magnesium ..... 

..Mg 

24*32 

Zinc ... 

. Zn 

65*37 

Manganese ..... 
Mercury .. 

.Mn 

.Hg 

54*93 

200*6 

Ziiconium,,........ 

li 

.. Zr 

90*6 
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LXXXVL —The Temperature of Ignition of Gaseous 

Mixtw'es, 

By James Wallace McBavib. 

Mumeeous iiietliods for tlie determinatioii of tlie igiiition-temp'era- 
ture of gaseous mixtures are tO' be found in tlie literature, and 
.tbese liave already been classed into tliree groups by Dixon and 
Coward (T., 1909, 95, 514) in tbeir paper on tbis subject. 

The experimental conditions governing this division are as 
follows: ^ 

I. A bulb containing the gaseous mixture vvas plunged into a 
bath which was maintained at a constant temperature. 

II. A mixture of the gases vras passed through a tube in a bath 
which was gTadually being heated. 

III. The gaseous mixture Tvas compressed adiabatically, and 
from the pressure recpiired to ignite it, the temperature of the mix¬ 
ture at the ignition-point was calculated. 

Ill each of the above methods, the gaseous mixture is retained 
in the state necessary for ignition for some considerable time, and 
it is quite possible, therefore, that before the ignition-teiiiporatiire 
is reached a state of slow combustion ensues. which generates 
sufficient heat to raise the remainder of the gaseous mixture to its 
ignition-point. 

With regard to the third method, which was that used by Falk 
(/, Avier, Ghem. 8oc., 1906, 28, 1517; 1907, 29, 1536), Dixon 
and Coward point out that the temperature of ignition of a 
gaseous mixture under abnormal pressure may be totally different 
from that of the same mixture under normal pressure. 

In the method adopted by Dixon and Coward, the two gases 
were allowed to flow through two concentric tubes, which were 
heated in an electric furnace, and allowed to mix at the top of 
the shorter (inner) tube. A thermo-couple was placed near to 
the nozzle of the inner tube. In these experiments, in addition 
to the time' factor, the fact that the gases are flowing must also 
be taken into consideration, and the results obtained by these 
authors show that the rate of flow and the size of the nozzle of 
the inner tube affect the results; for example, when the rate of 
flow of hydrogen was very slow, namely, 2*4 c.c, per minute, and 
the rate of flow of oxygen was 50 c.c. per minute,' the temperature 
of ignition was 792°, whilst when the rate of flow of hydrogen 
was 19 c.c. per minute, oxygen still flowing at 50 c.c,' per minute,' 
the ignitiO'H-temperature was found to be 599°, These authors, 
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however, give in tlieir paper a definition as to wliat they have 
taken as the temperature of ignition 

It seems that it is advisable to eliminate as far as possible the 
time factor in determining the ignition-temperature, and it is 
also preferable to have a stationary volume of gas. 

Ill table I the results obtained by various workers for several 
gaseous mixtures are given. 


Table I. 


hjirif ioii-ft mpcraUirc^ of JJ iff front (Jasroioi Mirturis. 



Oby(:'i‘\’er. 

Hefereuee. 

Teniperatiit ‘0 
of ignition 
fouDcl. 

Hjxlrogou and 

i\Ieyer„ Ivrauso, 

AJiNtfleH^ 1891, 264, So ; 

51 s—oorv' 

Oxygen. 

Askeiiasy. 

Uud,, 1892,269, 49, 2421 



Bodensteiii. 

Zeitsch. physikaL (Jhenh., 
1893,11, 28. 

Ibid., 1899, 29, 6G5. 

i)53--710 

Sf SS 

Meyer and .Freyer 

Ber., 1892, 52, 663 

700 

59 59 

Gautier and Helier 

Oompt. rend., 1890, 122, 

840 

J?5» 5 9 

He Her 

556 

Ann. Oliim. Phys,, 1897, 

845 


Falk 

[vii], 10, 521. 

J. Amer. Ghcm.Boc.A90i}, 

514—540 

59 59 

Dixon ami Coward 

28, 1517; 1907, 29, 

1536. 

T., 1909, 95, 514 

580—590 

MfthatiC' ' and 

Meyer and Freyer 

Zeltseh. physikal. Oheni., 

(506—650 

Oxygen. 

Meyt*r and IMunch 

1893,11, 28. 

Ber., 1893, 26, 2421 

(',50—678 


Dixon and Coward 

loc. cit. 

556—7u0 

Etiiyleno and 

Mf?yor and Freyer 

55 

530—60(5 

Oxygen. 

j\ieyer and ]\rnric'h 

5^ 

577—590 


Dixon and Coward 


500---519 

Uaiiion luoii- 

Meyer and Freyer 

j? 

650—73() 

oxide- and 

oxygen 

if jj 

IJ^Ieyer and Munch 

yi 

Combined 

»» 

Dixon and Coward 

»s 

quietly 
637, 658 


The methods now described eliminate, so far as is practically 
possible, the time factor. The temperature of ignition in these 
experiments is taken to be that temperature to which the gaseous 
mixture must be heated by the application of a hot body, .so as 
to cause instantaneous ignition. 

The temperature of ignition has in the present work only been 
determined for various gases when mixed with air. Dixon and 
Coward have, hoivever, shown that there is very little difference 
ill the temperature found when air or, oxygen respectively is 
employed. 
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Tlie lirst. set of ^^-xperiinents described below was originally 
iiiicleriaken with a view to obtain comparative values for tlie 
temperatures of ignition of various gases, but the results seemed 
of sufficient value to warrant further work being carried out. As 
a coiisecjiieiice, iiiinieroiis variations and improvements w^ere intro¬ 
duced, and finally a metlrod was devised wbicli was simple, rapid, 
and capable of giving accurate lesults 

Details of all the variations of the method have, however, been 
included, as several of them appear to be useful for comparative 
purposes at least, although not sufficiently accurate for the deter¬ 
mination of absolute values. The results obtained by the method 
finally adopted for the ignition-temperatures of the various gases 
tested are given below: 


Coal gas-air ... 878"^ 

Ethylene-air. 1000 

Hydrogen -oil' . 747 

Carbon iiionoxide-ai!* . 0.41 

Petrol (fraction 0—80"pair . 995 

K < zc no- - a i r . 10 G 2 

Ether-air . 103H 


Experimental. 

The essence of the method employed in the following expex'i- 
ments consists in the ignition of a small volume of the gaseous 
mixture contained in a soap bubble by means of an electrically 
heated wire or other red-hot body, the temperature at which 
ignition just takes place being noted. 

A quantity of the gas to be experimented on was mixed with 
air and made up to the required concentration in a lO-litre gas 
holder. To the outlet tube of the holder was attached a piece 
of capillary tubing terminating in a bull;) tube, shaped like the 
head of an ordinary tobacco pipe. This tube when not in use 
dipped into a solution of sodium oleate and glycerol in water. 

The apparatus employed for igniting the gas consisted of a 
platinum wire measuring about 0'025 cm. in diameter, which was 
wound evenly round a small thin-walled silica tube. A thermo¬ 
couple made of platinnm-rhodiiun which had previously been care¬ 
fully standardised against a standard pyrometer was passed 
through the inside of the silica tube so that the thermo-junction 
was in the centre of the tube. The terminals of the thermo¬ 
couple were connected to a raillivoltmeter, from which the 
temperature could be read off. The experiments were carried out 
ill a darkened room, as in some cases the flame of the ignited gas 
was almost invisible in daylight. 

The procedure -was as follows: When all the connexions had 
been made,' the heating current, which could be waried' by means 
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of a rlieostat, was switched on. When the temper attire as 
indicated by the iiullivoitmeter was constant, the tap of the gas 
holder was opened, and the mixture, hawing through the pipe 
stem and soap solution, produced a bubble. The tap w^as closed 
and the bubble still on the end of the pipe was placed in contact 
with the hot coil. Ignition was instantaneous, and wms usually 
accompanied by a slight explosion, but in some cases this was so 
faint as to be detected only with difficulty. The temperature w^as 
varied over 60—80° until a sufficient number of readings had been 
obtained. 

The gases employed in the first instance were prepared as 
follows: 

H'f/drogte?i.—Fxom pure zinc and sulphuric acid. 

Metlicme ,—By the action of a zinc-copper couple on methyl 
iodide. The gas was passed through a tube containing more of 
the zinc-copper couple in order to free it from methyl iodide 
vapour. 

Ethylene ,—By passing alcohol vapour over heated aiiiiniiiium 
oxide. The gas obtained contained 9 per cent, of methane. 

Goal Gas ,—Samples were taken from time to time from the local 
gas supply. 

FeiroL —Commercial petrol was fractionated, and 2 c.c. of the 
fraction 1}oiliiig between 0° and 80° \vere vaporised and made up 
to 10 litres with air. 

Benzene and Ether ,—Pure chemicals w^ere used, and vaporised 
as in the case of petrol. 

The results found are given in the following tables. 

Table II. 


Comparison of Coal Gas-Air and Ilethane-Air Mixfitres: 
90*5 per ce?it. of Air in Mixture. 

Rotlierhaio gas. Ardeer coal gas. Methane. 


Temper¬ 

ature. 

Besiil-t. 

Temper¬ 

ature. 

Result. 

Tempor- 

atni'e. 

Result, 

760® 

No ignition 

760® 

No ignition 

840® 

No ignition 

760 

780 

Ignition 

860 

7i 

765 


780 

No ignition 

865 

if 

780 


780 

79 

870 


790 

it 

790 


880 


790 


790 

it 

Ignition 

880 

5 , 

795 

,, 

705 

880 


soo 

Ignition 

795 

880 

t» 

S05 

,, 

800 

No ignition 

880 

Ignition 

805 


SOO 

Ignition 

880 

Sit) 


800 


880 


SIC) 


800 

>5 

SSO • 


830 

S3 

SIO 

?> 

890 


840 


820 


920 



Temp, of ignition = SOO^^. Temp, of ignition—SOO®. Temp, of ignition—880®. 
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Table III. 

Comjycirison of Goal Gas, Methane, and Tlydrogpji-Air Mixtures: 
86'5 -per cent, of Air Present. 


Kotiieriiam coal 



gas. 

Ardeer coal gas. 

Hydrogen. 


letbane. 

'^Tem¬ 


Tem- 

-- 

Tem¬ 


Tem¬ 


per¬ 


per- 


per¬ 


per¬ 


ature. 

Result. 

ature. 

Result. 

ature. 

Ptesiili.. 

ature 

Result. 

780® 

No ignition 

800® 

No ignition 

070® 

No ignition 

800® 

No ignition 

785 

y? 

800 

y? 

OSO 

3 

870 


785 


805 


oso 

3? 

875 


800 

y 

805 


000 

33 

875 

Ignition 

800 

yy 

805 

Ignition 

090 


8 SO 

No ignition 

800 

Ignition 

810 

No ignition 

600 

Ignition 

885 

Ignition 

800 

No ignition 
Ignition 

810 

(500 

885 

,, 

805 

SIO 

>> 

Ignition 

000 

No ignition 

800 


815 

810 

700 

000 

,, 

815 

810 

700 

Ignition 

010 

S’* 



815 

,, 

700 





820 


710 

No igniilon 





820 


710 

Ignition 







710 

,, 







720 




Temp, 

. of ignition 

Tomp, 

. of ignition 

Tomp. of ignition 

Temp, of ignition 


= SOfT. 


Sid®. 


= 095®. 


885®. 


Table IV. 

CompaTison of Petrol and Etht/lene-Air Mixtures. 


Mixture of 2*0 c.c. i^otrol (0—SO®) 


Mixture of 9-1% CsH,, 0*9% CH.i, 
and 90% air. 

vaporised and made up with 
air to 10 litres. 

- - 

Temper¬ 

No. of 

> 

Toniper- 

No. of 

- 

ature. 

readings. 

Result. 

aturo. 

readings. 

Result, 

815® 

1 " 

Ignition 

900® 

3 

Ignition 

840 

2 


890 

3 


8 S0 

7 


880 

0 


825 

8 


880 

7 

No ignition 

825 

1 

No ignition 

875 

2 

Ignition 

820 

4 

Ignition 

875 

5 

No ignition 

820 

12 

No ignition 

870 

5 

3 5 

815 

810 

3 

3 

805 

2 

3? 


Temp, of ignition — 825'', Temp, of ignition — S85“. 

A second series of experiments was carried out in wliicli tlie 
heating coil was replaced by a semi-cylindrical piece of iron, about 
3*75 cm. long by T9 cm. in diameter, cotmred round tlie circnm- 
ference with thick asbestos cloth (No. 1 iron block). Running 
down the centre of the flat surface and about 0*08 cm. under the 
surface was a small hole to carry the thermo-couple. The block 
was hung by two platinum wires from a stand. , It was th^n 
heated until about 50^ above the required temperature, when the 
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blowpipe was removed and bubbles of gas were broiiglit into con¬ 
tact witli tbe red-hot surface while the latter was cooling. When 
the teiiiperature became too low for ignition to take place, tlie 
block was simply heated again and the procedure carried out as 
before until a sufFicient number of readings had been obtained. 

An improvement was made in No. 2 block by boring a small 
hole ill the centre of the fiat face. By this means, the thermo¬ 
couple became exposed to the air, and since it lay close to the 
surface it ought to give a comparatively true figure for the 
temperature of the igniting surface. Tables V—VIII give coin- 
|>arative results found by the above three methods. 


Table V. 

Crnnparisoji of Iron Block and FAedric Coil Mrtliod until 13'5 
per cent. Coal Gas—Air Mixture, 


Electric coil method. Iron block (Vo. 1 Bloc'k) method. 

- * - ■ ..-- - ^ .- . 


Temper- 

Vo. of 


Temper¬ 

Vo. of 

- 

atniv. 

readings. 

Re.sult. 

ature. 

readings. 

Result. 

770" 


Vo igiiit-iou 

720"” 

1 " 

No ignition 

77 5 

a 

■ j'i 

730 

2 


7 SO 

4 

,, 

740 

•> 

*' ■ 

7 SO 

2 

Ignition 

750 

2 

,, 

78a 

T 

Vo ignition 

700 

i 

Ignition 

7S5 

1 

Ignition 

7 05 

1 


700 

1 

No ignition 

770 

i 


700 


Ignition 

790 

2 


795 

1 


800 



800 

1 


810 

1 


810 

1 

to 





Temp, of ignition = 7S5k 


Temp, of jgTiitiou 


Table VI. 


(Jcnnpurii^on of Electric Coil and Iron Block 3Iefhod: 15 -per 
cent, of Hydrogen irith Air. 



Electric coil. 

Vo. 1 iron block. 

V 

o. 2 iron block. 

Tem- 

Vo. of 

Tern- Vo. of 


Tein- 

p 

o 


per- 

read- 

per- read- 


per- 

read- 


ature 

iiigs. Result. 

atnre ings. 

Resnit. 

atnre 

ingvS, 

Result. 

690= 

2 Ignition 

720*= 6 

Ignition 

705^ 

2 

Ignition 

685 


710 9 


700 

4 


080 


705 3 


695 

3 


075 

2 

705 3 

Vo ignition 

690 

4 

1. 

075 

3 Vo ignition 

700 7 


6S5 

3 


670 

4 

695 3 


680 

2 


005 

1 

tiOO 3 


680 

6 

Vo ignition 


1 



675 







670 

6 






065 

1 



^eiiip. of ignition Temp, of ignitionTemp, of ignition---1>85. 
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Table YII. 

Mixture of Two Volumes of Hijdrogni with Fire Voluiyies of Air: 
Two Senes Carried Out noith No. 2 Iroyi. Bloch. 


Temper¬ 

ature. 

No. of 
reading.^. 

Hosiilt. 

Temper¬ 

ature. 

No. of 
re ad i IIS’S. 

liesult. 

730® 

3 

Igj'iitioii 

730® 

2 

fLOiiticm 

720 

O 


725 

1 


715 

1 


720 

3 


710 

o 


715 

i 


705 

1 


710 

5 

■>! 

700 

1 

No ignition 

700 

2 


700 

I 

695 

•> 

No ignition 

G95 

3 

690 

4 


690 

1 


685 

1 


085 

1 


680 

2 


680 

1 


670 

i 



Temp, of ignition -- 700''. Twip. of ignition = 700“. 


Table VITI. 


Compariso/i of Electric Coil and Iron Bloch Mlrthods: 13*5 per 
cent. Mixture of Co(d Gas with Air. 

Electric coil. No.l iron block. Ko. 2 iron blocOv. 


Terrs- No. of 
pera- read- 
tnre. ings. 

Result. 

T(nn- 

y)era- 

ture. 

No. of 
read¬ 
ings. 

Result. 

Tem¬ 

pera¬ 

ture. 

No. of 
read¬ 
ings. 

Result. 

785® 6 

Ignition 

810® 

6 

Ignition 

800® 

3 

Ignition 

782 3 

805 

1 

795 

1 

99 

780 3 


800 

1 


790 

3 

9J 

775 3 


795 

3 


785 

•) 

,, 

775 1 

No ignition 

795 

2 

No ignition 

780 

2 


772 2 

Ignition 

790 

T 

Ignition 

775 

O 


772 5 

No ignition 

790 

3 

No ignition 

770 



770 3 

785 

1 


770 

1 

No ignition 

768 3 

Ignition 

780 

4 


765 

3 

Ignition 

765 1 

775 

3 


765 

3 

No ignition 

765 3 

760 1 

No ignition 




760 

755 

750 

3 

1 

2 

’’ 


Temp, of ignition —775^^. Temp, of ignition—79o“. Temp, of ignition —765®. 


From tli-e results given in tables II—YIII, it will be observed 
that the method gives a very sharp ignition-point, and since the 
time taken to determine the temperature of ignition of any mix¬ 
ture was only about fifteen minutes, it is evident that for purposes 
of comparison at least the method is very suitable. 

It will also be noted from the above results that the concentra¬ 
tion of the explosive gas has, within the explosion limits, 'no effect 
on the temperature of ignition. 

As, however, the rate of cooling in the Jr on block method "was 
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very rapicl^ tlie iiietliocl was not very satisfactory for the purpose 
of obtaining absolute values. Accordingly, it was discarded in 
favour of the method first described. Even in this method there 
are several factors that may affect the absolute value of the results 
whilst in no way affecting their comparative value. These factors 
are the cooling effect of the bubble, the presence of moisture in 
the gases, the catalytic action of the platinum wire, and the size 
of the silica tube. 

Dixon and Coward Qoc. cit.) showed that the presence of 
moisture did not affect the ignition-temperature in the case of 
hydrogen and oxygen, and in several other cases the difference 
was very small. 

The cooling effect of the bubble need not be taken into account, 
as its mass was very small compared with that of the heating 
source. Moreover, although it was found that variations in the 
size of tliO' bubble gave small differences in temperature, this was 
probably due to a different cause, which is explained later. 

The chief defect in this method lay in the fact that the tempera¬ 
ture registered by the thermo-coii|)le was probably slightly lower 
than that of the coil, since the former was separated from the coil 
by the thickness of the silica and a volume of air. It is, of course, 
obvious that the tiiermo-junction ought to be near to the centre 
of the tube and that the coil must be as evenly wound as possible, 
so that there may be no unequal heating. 

In order to study the effect of the size of the silica tube on the 
temperature recorded by the thermo-couple, and, if possible, to 
obtain absolute values for the temperature of ignition of various 
gases, a large number of determinations was carried out. For 
this purpose, the gases employed were obtained in as pure a state 
as possible, and on analysis gave the following results; 


Hydrogen ... 

Carbon monoxide 
Ethylene . 


Per cent. 
== 99-6 
iCOj, = 0-4 

fCO ^ 94-0 
\Air = 6*0 

fCA = 93*8 
\Air = 6*2 


Metrhane (natural gas) 



= 95«36 

CO 

= 0-50 


= 0*31 

h; 

= 1-43 

.^2 

= 2-40 


In making up the gaseous mixtures, allowance, was always made 
for the quantity of air present in the gas. 
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Table IX gives tbe dimensions of tlie various silica tubes 
employed in tb.© determinations. These were drawn out as evenly 
as possible from ordinary silica tubing. 

The experiments were carried out in the same iiiaiiiier as before, 
except that the ends of the silica tubes were in all cases stopped 
up with asbestos fibre so as to diminish loss of heat witMii the 
tube by convection. Platinum and Eureka resistance wire were 
employed for making the ignition coils. The results foriacl for 
hydrogen are given in table IX. 


Table IX. 


Showing Effect of the Size of the Silica Tithe on the TempemUire 
of Ignition of Hydrogen. 


Temperature o£ ignition of 
20 per cent, of hydrogen 
in air using 


No. of 

Thickness of 
wall of tube. 

Internal 

diameter. 

Length. 


Platinum 

tiibe. 

(cm.) 

(cm.) 

(cm.) 

Eureka wire. 

wire. 

1 

O-Ooo 

0-1576 

6 

682® 

712® 

2 

0-035 

0-1475 

6 

688 

712 

S 

0-030 

0-12 

6 

/6901 

\695/ 


4 

0-0425 

0-0775 

G 

plO] 

■{ 712 V 

hisj 

735 


5 

0-030 

0-076 

3 

. 

6 

0-035 

0-075 

6 

726 

f735\ 

\735J 

7 

0-035 

0-095 

5-5 

— 

725 

8 

0-0275 

0-0775 

6-0 

735 

— 

9 

0-0226 

0-065 

4-0 

735 

758 

10 

0-026 

0-065 

4*0 

735 

— 


It will be observed;, in the first place, that for the same tube 
the figures found by using platinum are higher than those obtained 
when using Eureka wire, indicating a catalysing effect in the case 
of the latter. It is, however, probable that both substances exert 
a catalytic influence. 

It will also be noticed that as the thickness of the wall and the 
internal diameter of the silica tube decreased, the temperature of 
ignition increased. 

It was not found possible to make tubes of smaller size than 
No. 9, and it was therefore impossible to say whether or not the 
temperature given by No. 9 were a maximum. It seemed prob¬ 
able, however, that the temperatures found when using this tube 
were very near to the actual temperature of the heating coil. 

Accordingly, this tube wound with platinum wire was used to 

' E R*' 
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determine tlie temperatures of ignition of other gases^ and the 
results found are summarised below: 

Hydrogen-air . 758° 

Carbon monoxide—air . 910 

Ethylene-air . 895—905 

Coal gas-air . 850 

Petrol-air .. 960 

Methane-air ...* No ignition below 1000°. 

In tables I and II the ignition-temperature of methane in air 
was found to be 880—885^, but the gas probably contained a con¬ 
siderable quantity of hydrogen. In order to verify this supposi- 
tioiij the effect of adding different proportions of hydrogen to 
methane-air mixtures was studied, with the following results: 

Table X. 

Showing Effect of Hijdrogen on the Temperature of Ignition of 
Methane anel Air, 


Gaseous mixture. Temperature of ignition. 

1000 c.c. methane 1 

1000 „ hydrogen •.. 796° 

8000 ,, air J 

1500 c.c. methane '| 

600 ,, hydrogen 1. 835° 

8000 ,, air J 

1850 c.c. methane ] 

150 „ hydrogen I. No ignition up to 970°. 

SOOO „ air J 


It is thus evident that pure methane when mixed with air does 
not ignite below 1000°. This fact is interesting, and receives 
some confirmation from a statement in Erunswig’s Explosives 
(English edition, p. 55), in which it is stated that in the case of 
methane and air there is delayed ignition at 600° to 700°, but 
that instantaneous ignition does not take place below 1000°. 

The foregoing expeidments, although interesting, were, however, 
not quite conclusive, but it was hoped tlfet by making use of an 
iiistriiinent called the meldometer, invented by Professor Joly, 
corroboration of the above results would be obtained. 

This instrument consists essentially of an apparatus for measur¬ 
ing accimately the expansion of a platinum strip when subjected 
to heat. The strip, which is held betwreen two arms, one fixed 
and the other movable, is heated electrically, and thus expands. 
Since the linear expansion in the case of platinum is almost 
directly proportional to the temperature, it is sufficient to note 
the length of the strip at one or two fixed temperatures in order 
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to find out liy interpolation tlie temperature corresponding with 
any given length of the strip. 

Unfortunately, the experiments carried out with this apparatus 
were iiiisuccessfiil. The strip was so very thin that when a bubble 
of the gaseous mixture was brought in contact with it, slow coni- 
biistion first ensued which raised the temperature of the strip 
until the latter glowed, and thus exploded the residue of the gas. 
The method of standardising this instrument, however, indicated 
a method of standardising the apparatus used in the first series 
of experiments described herein. The apparatus finally employed, 
the method of standardisation, and the results obtained are 
described below. 

The ignition apparatus in this final series of experiments con¬ 
sisted of a platinum coil wound regularly round two mica strips 
3 cm. in length by a])out 0'3 cm. in width. These strips were 
notched along the edges so as to hold the wires in position, whilst 
betw^een them, and thus insulated from the heating coil, was 
placed a platiniiin-platinum-rhodium thermo-couple. The 
wdre usoil for the heating <*oil wms about 0*025 cm. in diameter, and 
the |>itch of the spiral was equal to about the diameter of the wire. 
The heating current was provided by storage batteries in order to 
obtain no fluctuations in the temperature, and the latter was varied 
]>27 means of a sliding resistance. 

An ammeter was also placed in the circuit in order to measure 
the current. 

The thermo-couple, which had previously been standardised 
against a standard thermo-couple, was connected to a millivolt- 
meter, It wdll be noticed later, however, that it was unnecessary 
to use a standardised thermo-couple; in fact, it was ultimately 
found that no thermo-couple was necessary, as the required results 
could be obtained b}^ simply reading the ammeter. The apparatus 
was standardised in the following manner. 

Four salts the melting points of which w’ere accurately known 
were selected and purified. A few crystals of each were ground 
to a powder, and a small quantity of this powder wms deposited 
021 the platinum spiral. The current was then turned on and the 
coil heated, the temperature being slowdy raised until the salt just 
melted. A rough experiment was carried out first in each case to 
find out the approximate melting point, the detexmiinatioii being 
then repeated several times with great care. 

It was found when the melting points of the salts were taken 
from time to time during the experiments that the readings on 
the millivoltmeter varied considerably, but that the ammeter 
readings were practically constant for the same temperature. 

R B* 2 
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Tile variation in tlie inillivoltmeter readings may iiave been cine 
to various causes, for example, the alteration in zero point of tlie 
iiistriinieiit, variation in room temperature, or to the thermo¬ 
couple having* been accidentally moved from the centre of the 
coil during the experiments. The ainineter readings, therefore, 



Tem2:^eraturc. 

Curve connecting ammeter readings ivith actual temperature. 
Blandardised 1.5.16 and 2.5. IG. 

only have been recorded. Table XI gives the results obtained on 
standardising the apparatus before and after use. 


Table XI. 

Ammeter readings. 
Before Before 

Salt employed. True ni.p. experiments, experinionts. 
Potassium iodide. 0S7° 3*74 3*76 

Potassium bromide ... 723 3*90 3*90 

Sodium chloride . 800 4-22 4*22 

Potassium sulphate... 1072 5*45 5*47 


The curve connecting the ammeter readings with the true 
temperature is shown in the figure. 

Table XII gives the analysis of the gases employed. 
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Table XII. 


AnaJi/'ns of Gases Used. 


CO., percent. ... 

Coal gas. 
0-26 

Ethylene. 

Hydrogen. 

Carbon 

raoiioxide. 

Os 

0*47 

— 

— 

— 

CoH. 

4-53 

94*0 

— 

— 

CO 

9-84 

— 

— 

97-5 

OH., 

50*30 

— 

— 

— 

HN 

33-00 

— 

95-S 

— 

n; 

1*00 

— 

— , 

— 

Air ,, 

— 

0-0 

4-2 

2-5 


Ill table XIIIj the results found for tlie temperature of ignition 
of various mixtures of gases with air are given. In cases wliere 
tlie gas contained air as impurity, tbis was allowed for in inaldiig 
up tlie mixture. 

Table XIII. 


Ignition.-tempemtiires of Different Infainmahle Gas—Air Micetnres. 


Mixture. 

Aminotor reading. 

True temperature 
of ignition. 

logo coal gas-air . 

4-59 

878=^ 

10% ethviene-air. 

o-]2 

1000 

10% hydrogcii-air . 

Carbon monoxide-air . 

4-00 

747 

4-82 

931 

Petrol (b.p. 0—S0"I~air .... 

5-10 

995 

Benzene-air .. 

5-41 

1002 

Ether-air . 

5-27 

1033 


It was found that by enlarging the size of the bubble, the mix¬ 
ture could be made to ignite at* an apjiareiitly lower temperature. 
This, however, was probably due to the fact that slow combustion 
of part of the gas took place at the lower temperature, and, by 
heating the surrounding gas, caused it to ignite without showing 
a corresponding rise on the ammeter. This ignition was, as a 
rule, quite perceptibly delayed. By reducing the size of the 
bubble to about 3*7 cm. diameter, instantaneous ignition occurred. 
The results given in table XIII are the mean of a large number of 
experiments, and experimental error can be taken as being less 
than ±3®. 


The author wishes to express his thanks to Messrs. Nobel’s 
Explosives Co., Ltd., for granting permission to publish these 
results. 

Nobel Reseakch Laboratories, 

' Ardeer, Stevenston, N.B. [Eecmvtd, September Qth, 1917.] 
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LXXXVIf.— Nitrite, an Additive Ctmipcrund 

of Sodium Nitrite and Sodium. 

By Ebwabb Bradpoeii) Maxted. 

Ik tlie course of work on tke preparation of alkali metals by the 
eleotrolysis of non^aqueous solutions, the author had occasion to 
examine the products obtained by electrolysing a solution, of 
sodium nitrite in perfectly anhydrous liquid ammonia. A deposit 
was observed to form on the cathode, resembling metallic sodium 
ill that it dissolved in water with violent evolution of hydrogen, 
but completely differing from the met.al by reason of its bright 
yellow colour and by its failure to dissolve in excess of ammonia 
with the production of the characteristic blue coloration. 

It was found, further, that the same compound may be obtained 
in a state, of purity, as a brilliant yellow precipitate, by bringing 
together free metallic sodium and dry sodium nitrite, ,eaoh dis¬ 
solved separately in anhydrous ammonia. An analysis of the pre¬ 
cipitate showmd it to possess the empirical composition Na^NOjo 
the ammonia acting merely as a solvent. By the action of water, 
decomposition takes place with regeneration of sodium nitrite and 
of sodium hydroxide. No liyponitrite could be detected in the 
solution. 

ExPKRIMENrAL. ' 

Direct Preparation of DiHodinm Nitrite, 

Eor the preparation of the compound in a pure condition, it is 
essential first of all to free the ammonia, which is to be used as a 
solvent, from all traces of inoiaiuro. This may be, done by iniro- 
ducing into a distilling fask a auiiablo quantity of liquid ammonia 
and dissolving in it sufficient sodium to impart to it a blue colour, 
The ammonia is freed from sodium hydroxide and from mmm of' 
sodium by distillation and recotidensation in the vtsaol whioh it'' 
to be used for the preparation of disodium nitrite. 

The preparation may most conveniently be carried out by dia>* 
solving in the clear, anhydrous ammonia thus obtained a known 
weight of metallic sodium, this being added in small pieces. 
Freshly fused and finely powdered sodium nitrite in a solid con¬ 
dition is next introduoed. It is found unnecessary to dissolve 
this separately provided that sufficient time is given for the sodium 
to pass into solution and that ‘trite is added gradually. Tho^ 
addition of sodium to a eoluntm trf sodium nitrite, on the other 
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hand, does not result in a satisfactory preparation on account oi 
the formation of an insoluble layer round the sodium as added. 

The completion of the reaction is easily recognised by the dis¬ 
charge of the deep blue colour. This is found to take place on 
the addition of one molecule of sodium nitrite to each atom of 
sodium, disodium nitrite being thrown down as a bright yellow 
precipitate, from which the excess of ammonia is removed by 
evaporation. Any access of moisture is accompanied by an ex¬ 
plosion, which is usually sufficiently intense to shatter the reaction 
vessel and to cause a dangerous spray of liquid .ammonia. 

In an experiment, about 100 c.c. of pure anhydrous ammonia 
were condensed in the long-necked flask used as a reaction vessel. 
At this stage, the rubber stopper at its mouth was withdrawn and 
replaced by a second one fitted with .a Bunsen valve. One gram 
of metallic sodium was now introduced gradually in small pieces, 
the reaction vessel being allowed to remain for about ten minutes 
after the final addition to ensure complete solution of the sodium. 
Three grams of finely powdered sodium nitrite, previously dried 
by fusion, were next weighed out in a small stoppered tube and 
added gradually to the solution of sodium, the vessel being shaken 
gently. On adding the last portion of nitrite, the blue coloration 
in the reaction vessel disappeared, showing that one atom, of 
sodium reacted with each molecule of sodium nitrite, and a yellow 
precipitate of disodium nitrite was seen to have formed. The 
reaction vessel was now removed from its cooling-bath and alltwed 
to attain the ordinary temperature, with consequent evaporation 
of the layer* of colourless liquid ammonia with which the com¬ 
pound was covered. At this point, the reaction vessel, together 
with its stopper and valve, was weighed in order to ascertain 
;'Tvh,ether ammonia was being retained^^ as an integral part of the 
compound, the following results being obtained: 

drams. 


Weight of empty reaction vessel .. 62*77 

Weight of sodium added ... 1*00 

Weight of sodium nitrite added. 3*00 

56*77 

Weight of vessel plus compound after 
evaporation of ammonia ... 66*79 


Th^ yellow compound contains, therefore, no ammonia. 

of'pisodium Nitrite hy the MUctrolyds of Sodium 

Fo'r this ^purpose,'a reaction about 35' cm.,loiig^^and 8 'cm* 
in diameter was provided with concentric ^ cylindrical 
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platiiiinn electrodes separated front one another 1:>y an asltestoB 
diaphragm. 'Tli© area of the electrode used as oatho-c.le was about 
26 sq. cm. After half filling the electrolysis tube with pure, dry 
liquid ammonia in the mamior already described, about 6 grams 
of dry powdered sodium nitrite were introduced and the whole 
allowed to remain. No metallic sodium was, of course, introduced 
into* the electrolysis vessel. 

The two electrodes with their asbestos diaphragm were next 
introduced into the nitrite solution, care being taken to- avoid 
access of atmospheric moisture, and a current of 2 amperes at a 
potential of 110 volts from the laboratory mains was- led through 
for one hour. On interrupting the current, the cathode was seen 
to be covered with and surrounded hy a yellow deposit similar 
to that obtained by the direct action of sodium on the nitrite. 
The platinum cathode was quickly immersed in a test-tube of dry 
ether, and on bringing it under water, the vigorous evolution of 
a considerable quantity of hydrogen was noted. A somewhat 
striking demonstration of the violence with which the compound 
combines with water was obtained by repeating the experiment 
and allowing the yellow cathodic deposit, separated as far as 
possible from the ammonia, to rise to the ordinary temperature in 
contact with the air. A series of sharp decrepitations, accom¬ 
panied often by fire, was observed, 

AcUon of IVoter on Dlsodlum Niiriic. 

In order to examine the moderalcd action of water on the 
compound, 4 grams wore prepared in a pure, ammonia-free condi¬ 
tion by the first method. Tlydration was now carried out by the 
passage of a current of moist nitrogen, distilled water ]»oing ad<led 
as soon as hydration was complete. 

The solution was found to exert no roducing action on Feliling'# 
solution, showing the absence of hydroxylamin® and similar oom^ 
pounds. A second portion was tested for hyponitrite hy neutral¬ 
ising with. ly/lOO-sulphtiric acid, followed by alver eulphate, in 
acxjordance with the procedure recommended hy Divers and Haga 
(T., 1S99, 76, 97). No yellow precipitate of silver hyponitrite 
was obtained. A further sample was now neutralised, without 
dilution, with A/lO-nitrio acid, and silver nitrate added. A white 
precipitate soluble in much water was obtained. In order to 
investigate the composition of this precipitate, which was suspected 
to be silver nitrite, a further 4 grams of disodium nitrite was 
hydrat^ in the manner previously described, made up to 
approximately 100 c,a, and neutralised as before with iV/lO-nitrio 
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acid. Tlie precipitate obtained by the addition of excess of silver 
nitrate solution was collected and carefully washed with cold dis¬ 
tilled water^ after wliicb it was dried in a vacuum desiccator in 
tlie dark. A silver salt (21 grains) was obtained wMcb. was found 
on analysis to contain Ag = 69*8; AgNO^ requires Ag = 701 per 
cent. 

It is intended, as soon as time permits, to investigate the whole 
subject more closely, and to examine also the possibility of obtain¬ 
ing alkyl derivatives, which may throw light on the constitution 
of disodium nitrite. 

ChAKMSS STRESr, 

WatjSAUL. [Recewed, September 1917.] 


LXXXVIIL —Studies in the Phenylsuccinic Acid Series. 
Part V. The Inter-conversion of the Esters of 
r- and m%m-Diphenylsuccinic Acids. 

By Hexuv Ween and Ghables James Still, 

Ix the course of the earlier investigations on the optically inactive 
cliphenylsuocinic acids, it was shown by Reimer (Ber.j 1881, 14, 
1802) tliat these substances are mutually transformable. When the 
r-acid is heated with concentrated hydrochloric acid at 200°, the 
7nesa-a,cid is quantitatively produced, whilst the converse trans- 
forimation occhrs when meso-diphenylsuecinic acid is subjected to 
the action of an excess of barium hydroxide solution at the same 
teihperature, ^ Somewhat later, Anschiitz and Bendix 
1890, 269, 91) found that a partial isomerisation ^^akes place when 
the f-acid is,heated With water alone''at temperature^' between 165° ' 
and 200°, the ^.«^.’0-acid being formed to the extent of approxi¬ 
mately 30 per cent. The transition from the 7nesa- to the racemic 
series can be effected, however, under milder experimental condi¬ 
tions when the mc.?o-acid is replaced by its ethyl ester as initial 
material; thus Anschiitz and Bendix (toe. eit) showed that potass¬ 
ium r-diplienylsuocinate is the sole product of the action of alco¬ 
holic |>otas3ium hvdroxide solution on ethyl wcso-diphenylsucoinate, 
whilst, when aqueous alcoholic potassium hydroxide is employed a 
m,ixturemf''potassium''r- and mcso-diphenylsuccinates ' is obtained 
(Wren and Still, T,, 1915, 107, 447), 

The experimO'nts which are now described were undertaken with 
the hope of more definitely locating the phase at which. 'th'O bhange, 
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ill atereoclieriiical configuration occurs. This nrlglifc coiiceivahly 
take place he fore, diiri ug, or suhsequent to the at* trial hydrolysis. 
Experiments with tlie di-/-inenthyl esters of and /-diphcnyl- 

siicdiiic acids (Wren and Still, this voL, p. 531.) made it afipenr 
]}rohahle tliat tlie change at any rate in part, jirecetles the hydro¬ 
lysis, since it was. found that tlie ester of tlie /-a,cid is converted into 
that of the /nc^m-acid when heated with aqueous alcoholic |)otaBsium 
hydroxide solution; under similar conditions, the ester of the -mcxo- 
acid appeared to suli'er isonierisation, Init the nature of the product 
could not he de.rinitely estahlislied. .As tliese esters arc not reai.lily 
prepared in considerable quantity and as the dt/mientliyl /’“Csim* 
has not yet been obtained, the work has been c(.mtinued with the 
more readily accessible methyl and ethyl esters. 

When ethyl r-diphenylsuccinafce is hydrolysed with a deliciencY 
of aqueous etliyhalcoliolic potasidum hydroxide Holuiion, iJic.^ non* 
hydrolysed portion is found to be eoin])osed of a, mixture of etihyl 
r- and w?c.s*o-diplienylsuccinates, from which tlie latter can be 
readily isolated in the pure state; a similar mixture is formed under 
like conditions from ethyl mc,s'odiphenylsuccinate, and from this a 
pure specimen of the ethyl 'r-ester can be separated, tlie slighify 
greater experimental difficulty in this instance being due to the 
relatively greater solubility of the racemic ester. Precisely similar 
phenomena are oliserved witli aqi,ieous methyl-alcoholic potassinm 
hydroxide solution and the correspomling methyl esters. The firo*- 
ducts of the hydrolysis liave not been investigated with resfiect to 
stereochemical configuration, since they doulitless consist of mix¬ 
tures of potassium salts of tlie acids aud a<‘.id esters, tiie a{>pi’oxi- 
nuitely quantitative separation of wluhdi would he a. matter of greet 
difficulty. 

The oxperimeuts just descrdied show thai» isoniorisatioii, .'if. any 
rate in fiart, pr^medes hydrolysis; it may also l.a,ke jdaoe i-o some 
extent Hubseque.ntly, since ]K>taxsiu,m. // 0 'xo(lipheiiylsuan.uate is 
partly converted into tlie salt of ih.e r-ax'ifl when heated with 
aqueous-alcoholic potassium liydroxide solution. 1',’he cliaiige in the 
reverse direction ap|>ears to take place far less readily under similar 
conditions, and coi,iild not be definitely proved tO' occur. 

Since it was thus shown that the esters of the r- and '/wrj.vo-acids 
are interconvertible under the influence of alkali hydroxides, it 
appeared of'interest to examine their behaviour in the preseiuie 
of alkaline reagents under conditions which would jireclude hydro¬ 
lysis. For this reason, a series of experiments has lieen performed 
with solutions of sodium meilioxide and ethoxide in metiryl and 
ethyl alcohols respectively. The conversion, of' methyl and ethyl 
r-diphenylsiiccinates into tlie corresjionding •//?cxu-esters can tlius be 
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readily effected; the lattei* are coiisideraldy less readily soluble in 
tliese solvents than the former, and the conditions can be so chosen 
that they separate from the solutions. In these circiimstaiices, iso¬ 
merisation proceeds approximately quantitatively. The reverse 
cliange can only be effected in much more dilute solution, and the 
isolation of the r-esters involves a series of fractional crystallisa¬ 
tions. 

Lastly, tlie conversion of ethyl r- into ethyl ^ncso-diplienylsiiccin- 
ate has been studied under* somewhat different conditions. During 
the last few years it lias been frequently necessary to prepare r-di- 
phenylsiiccinic acid, and the process adopted has been that previ¬ 
ously described by us (T., 1915, 107, 446 et scg.), which consists in 
allowing ethyl phenyl acetate and iodine to react in ethereal solution 
in the presence of solid sodium ethoxide and hydrolysing the mix¬ 
ture of ethyl r- and me.s'o-diphenylsuccinates which is thus produced. 
It has heen noticed repeatedly that, whilst the yield of /’-acid is 
tolerably constant, tlie proportion of r- to /n/^sYJ-ester produced in 
the different experiments varies within very wide limits. The ex- 
]>lanatioii is now found to lie in the olrservailon that ethyl r-di- 
pheuylsuecinate is converted into the w.c.^jo-ester when its ethereal 
solution is allowed to remain in contact with solid‘sodium ethoxide. 

From the tlieoreti(taI jvoint of view, the iuterconverslon of the 
esters in tlie ])reseuoe of alkali appears to be most readily explained 
by the assumption of the formation of a common sodio-derivative 
which is decomposed by aleoliol according to the scheme: 


H-C-Ph- 

COjEt 


CUmverdoih of Ethyl Td)iphenylmecmnte into Ethyl mtmDiplienyE 

succinate, 

A. By Partial Hydrolysis .—Ethyl r-diphenylsuceinate (0*8 grain) 
was heated under i*efiux during two and a-half liours with aqueous 
ethyl-alcoholic potassium hydroxide solution (0*216A, 10 c.c.); the 






COijEt 

Ph-’O'-ii 

Ph“(>H 

^O^Et 


NaOEt 

T=± 

Eton 


p^OEt 


Pii~0, 

Ph-c- 

I 


"H 


CO.^Kfe 


NaOEt 


iCtOil 


CO,Et 

H-C-Ph 

Ph-O-H 

CO^Et 


Expebimen t al. 
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solution was ]'>o'ure;<i into watet* aud tho niixtirre extraoted witli 
efclier. Tiio crystalline residue, lelt after evaporation of the Bolveiitj 
melted at 76—114°; it was repeatedly crystallised from rcudvified 
spirit, whereby needles of ethyl ?/n!,sYxliphenylsticcinate', iiie'ltitig iit 
140-—-IdP, were readily isolated. 

B. By the A.cPion of Sodium Ethoidde iib EthyMeohoUc Solution. 
—Ethyl 7'~dipheiiylsuociiiate (1*5 grams) was gently warmed iii a 
siiiall sealed tub© with a solution of sodium ©tlioxhie in absobite 
ethyl akoliol (O’3227, 10 c.c.) until an almost clear solution was 
formed; on cooling, the contents of’ the tub© set to a stilf paste, 
which did not change in appearance when preserved for eight days 
at til© ternperatur© of the laboratory. The solid was filtered, washed 
successively with alcohol, water, dilute hydroclilorio acid, water, 
and alcohol, and dried. It weighed 1*4 grains and melted sharply 
at 140'—141°. The melting point remained unaltered when the 
siibstaiice was crystallised from rectified spirit; it was furtlier iden¬ 
tified as ethyl m<?.sYKiiphenylsuccinate by the mixed inelting-pDint 
method and by analysis. (Found, 0 = 73*5; H = 6*8. Calc., C 73*6; 
H = 6*8 per cent.) 

Til© filtrate from the original crop was diluted with water, wlieii 
a small amount of solid was precipitated which melted indefinitely 
at 78—128°. 

C. By Sdlkl Boddum Fthoidde. —Finely divided, dry sodium 
etIiO'Xide (prepared from 1 gram of sodium) was allowed to remain 
in contact with a solution of €dhyl ■r*-diphenylsuccinate (1 gram) in 
anhydrous ether (20 c.c.), at the temperatui’e of the laboratory 
during twenty-four hours. Water was tiien added, whereby two 
clear solutions were formed; the ar|ueous |)ortion was oneo ex¬ 
tracted with ether a-nd tlic etliereal solutioim were unil,(vl and dried 
over calcium cliloricle. The residue, olitained a/flKn:' remova,! of tJn^ 
solvent, molted at 75—110°, and, after lining twice crystallised from 
rectified spirit, yielded pur© ethyl ■mc.sYa1i|>lie,iiylsucoinate. The 
latter melted at 140—141°, and tlie melting point remained urn 
clianged when it was mixed with an apfiroxiinately ecpial quantity 
of tlie synthetic ester. 

Gonverslon of Ethyl mmoDiphenyhuemnate into Ethyl 
r- IHplienyhuocinate . 

A. By Tartial Hydrolysis. —Ethyl mesocliphenylsuccinate (5*7 
grams) was heated under reflux during two hours with aqueous, 
ethyhalcoholic potassium hydroxide solution (0*156A, 60 c.c.). ' The 
resulting solution was evaporated nearly to dryness, the, residue 
diluted with water, and shaken with a large volume of cliloroform. 
The extract was dried over calcium chloride and the solvent re- 
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jiiovefL T.he residue* melted at 7G — 128*^, It was digested witli two 
successive smaJl quantities of boiling light petroleum (b. p. 40—60°). 
[The port whic'li rerrniined xindissolved by this treatment melted at 
133—136°j and, after being crystallised from alcohol, yielded un¬ 
changed ethyl /^.e-vodipheaiylsuccinate, ni. p. 140—141°.] The solu¬ 
tions were evaporated to dryness and the united residues extracted 
with alcohol; the more soluble portion, after being crystallised froin 
light petroleum (b. p. 40—60°), yielded ethyl r-diphen^dsucciixate. 
The latter melted at 83’5—84*5°, and the melting point remained 
unchanged when it was mixed with the synthetic r-ester. It was 
also identified by analysis*. (Found, C = 73*4; H = 6'7. Calc., 
G=-73*6; 11 = 6-8 p*er cent,) 

B. By the AcMon of Sodium Ethoxide m Ethyl-alcoholic Solu¬ 
tion.- —Finely divided ethyl mesodiphenylsnccinate (5 grams) was 
shaken with a solution of sodium ethoxide in absolute ethyl alcohol 
(0*32iy, 85 c.c.) at 70° during three hours; at the end of this period, 
the ester had completely dissolved to a pale yellow solution, which 
was then poured into a slight excess of dilute hydrochloric acid. 
The mixture was shaken with chloroform and the extract washed 
with aqueous sodium carbonate solution and dried over calcium 
chloride. The residue left after evaporation of the solvent melted 
at 76—128°. The mixture of normal esters, after being treated as 
described in the preceding paragraph, yielded unchanged ethyl 
•;/ec,s'(>diphenylsuccinate and ethyl 'r-diphenylsuccinate*. The latter 
melted at 83—84-5°, and no alteration in the melting point was 
observed when it was mixed with an approximately equal amount 
of the synthetic r-ester. 

Gonuersion of Methyl t-I)iyhenylm^ccimte into Methyl 
m moDiph enyUu a cin a i e , 

A. By Ihirthl Aqueous, nmthyl-alcoholic potassium 

hydroxide solution (0*874A^ 12 c.c.) was added to a boiling solution 
of methyl r-di]}henylsuccinate (3 grams) in methyl alcohol (200 c.c.) 
and the mixture heated under refux during four hours. The 
alcohol was removed by evaporation and the residue treated with 
water and a large volume of chloroform. The product, obtained 
after desiccation of the chloroform solution and removal of the 
solvent, melted at 168—202°. It was twice crystallised from 
acetone, when methyl w^sodiphenylsuccinate was isolated in well- 
defined' needles which melted at 219—220°. No depression of the 
melting point was observed after admixture with the synthetic 
me.sn-ester. The substance was further identified by analysis. 
(Found: C = 72 - 6 ; 11 = 6*2. Calc., 0=72*5; H = 6*2 per cent.) 

B. By the Action of a Methyl-alcoholic Solution of Sodium 
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3£efkoxi(ie. —Meiliyl /’-diphenylHUcciiiate (J gram) wan siiHf>eiitled 
in a solution of sorlium niethoxidc in absohii-e irieiliyl a,l(H>!'iol 
(0*301#, 50' c.c.) and lieateH at 50—60^ during eleven lioiirs; ilin 
ester did not i:niniedia.tely dissolve, but, after about lioiirs, 

til© nature of the ])recipitate was observed to have clianged, the 
platelets being replaced by a quantity of very fine needles. After 
cooling, the |■)recipitate■ was removed, well washed with wa-ter, a,n(l 
crystallised from a considerable bulk of acetone,; well-foriued, pris¬ 
matic crystals of methyl 7//.Cts*o diphenyl succinate were thus obi;iim‘d 
which melted at 218*5 -“-219'5'^. The. melting point was iimjhamged 
when the sid)stance wfis mixed with the synthetic; /y/v^’o-ester. 

At the ordinary ieniperature, the change proejeeds very slowly, 
doubtless owing to the comparatively sparing sola bill f.y of the 
r-ester in methyl alcohol. When the ester and alkali vsniiiiicm 
(approx. 0*25#) were used in the proportion of 1 gram to 20 c.c., 
no change appeared to have taken place after nine days; after three 
months, however, the formation of the ///.r.svnesier i;ou!d lie 
definitely established. 


Con vcrt^ioji. of Melhi/l mesoJJipJicNflsNCidiiffie info MChiil 
v-D iph e i lyhn c ci nate» 

A. B// IBffiio! Hydrolysis .—Methyl 7//.c.s*odipheitylsu(.u!inafe 
(3 grams) was partly suspended and partly dissolved in boiling 
methyl alcohol' (380 c.c.); 5 c.c. of aqueous methyl-alcoholi<; 
potassium hydroxide solution (0*68#) were added and ilie mixi iire 
was boiled for an hour. A further portion of the arka,li solution 
(5 c.c.) was then added, and the heating was conifiiued for a furilHU’ 

period of five hours. At the end of this time, tlie ester Inid com. 

pletely passed into si^lutiom d’lm alcohol wa,s removed a,ml the 
residue tfhaken with chloroform and wai<;r. 3du*. mixture.' of esters 
obtained from the chloroform solution melted ai^ 158 it was 

fractionally (rryKtallise.d from acetone, llmdiangcHl vMcso>ester was 
isolate<i from the less soluble poidion, whilst, methyl raliphenyl- 
succinate was obtained by repeated crystallisa'taon of tbe more 
soluble part from a comsiderable bulk of methyl alcohol. The latter 

was identified by crystalline . form, melting point (173.174;5^'(), 

mixed melting point, and analysis. (Found: 0='^72*3; 

Calc,: C™72*5; H = 6*2 per cent.) 

B. By the Action of a Solution of Sodkiin Meihorkie in, 31 ethyl 
AhohoL—'Fiiielj divided methyl mcifodiplienylsuccinate (2 grams) 
was heated in a stoppered flask during ten hours at 60® with/ a 
solution of sodium (0*9 gram) in absolute methyl alcohol (200 c.c.). 
A small portion remained, undissolved. The mixture wms exactly 
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iieiitralis-ecl with dilute hydrochloric acid and the alcohol removed 
Oil the water-bath. The residue was treated with warm 'water„ and 
the part which remained undissolved was removed and dried. The 
mixture of normal esters thus obtained melted indefinitely at 
162 — 182^. It was separated by systematic treatment with acetone 
and methyl alcohol, as described in the preceding paragraph, into 
unchanged metliyl •//i^^aodiphenylsuccinate and methyl r-dipheiiyh 
succinate, the melting points being 218'5— 219‘5‘^ and 174—175° 
respectively. 

Aciloih of an E;.i'ccs>i of h'ihi/l-alcoholio JAufaKnin di Hydroxide 
Solution on. r- and mem-DiidienylHueeinie Acldr. 

wc.s'oBiphenylsuccinic acid (1 gram) was heated under reflux 
witii a solution of potassium hydroxide in absolute ethyl alcohol 
(0'8A", 20 c.c.) during four hours. The substance dissolved slowly, 
complete solution being ultimately obtained. Excess of alkali was 
exactly neutralised with hydrochloric acid. The alcohol was 
removed by evaporation; the residue was dissolved in a small 
volume of water and treated with a slight excess of a hot solution 
of barium chloride. On cooling, a crystalline precipitate of barium 
/’-diphenylsuccinaie separated, from which the corresponding acid 
was isolated; it melted at 181—182°^, resolidified, and again melted 
at 219-'-22()°. Unchanged mc.vodiphenylsuccinic acid, melting and 
decomposing at 229—230°, w^as obtained from the filtrate from the 
e.rop of barium salt. 

r-Diphenylsuccinic acid (1 gram) was heated under reflux with 
eihyl-alcoholic potassixim hydroxide solution (O'SiV, 25 c.c,). The 
product was treated exactly as described in the preceding para¬ 
graph. Unchanged r-acid was readily isolated from the correspond¬ 
ing, sparingly soluble barium salt, the mother liquors from which, 
however, did not yield 7/u'.sTaliphenylsuccinic acid in recognisable 
a, mount. 

The fintbors desire to express their thanks to the Research b'^und 
(Committee of the Chemical Society for a grant which has defrayed 
jKirt of the cost of the investigation. 

PuaE AND ArPMBD Oekmistry Department, 

Muhioital Technical Institute, 

Belfast. [ Rmeived ^ October lOth , 1917.] 
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IjXXXIX *—of n-Ihdylafiiline^ 

By Joseph: ‘Reii.ly mid WtEiruEB John I:IicK;i.N:Bo'r'roM; 


The lower oJ.kylatiilincs have :ror along period been recognised, as of 
eo:iisideral)le teclinical importance and, witli tlie.ir derivatives, 'Inive 
been subjected to- very detailed investigation. On tlie other I land, 
tile iiiglier alkyl anilines and plieiiylenealkyldiainiiies generally liave 
been l>iit little ex,a:m,ined, and it is only quite recently that siicli 
eoToponnds as 'p-nitrosodipropylaniline, ^■^•^dipropyldia:nli 11 e 

(Jacobs and Heidelberger, /. Biol. Ghem..^ 1.915, 21, 103), and 
/nplie-iiylene/boaniyldianiine (Karrer, Ber., 1915, 48, 1398) have 
been subj exited to any thorough study (compare also M'andl, 
Monatsh.^ 1886, 7, 99; Baeyer and Noyes, Ber., 1889, 22, 2173)« 
In the case of the- •??r-butyl compounds but few derivatives have bexm 
prepared. By conde:nsing ^//-butyraldehyde with aniline, .Kfilui 
{Ber.^ 1885, 18, 3361) obtained '/?,-bntylaniline, and from it tlie 
iiitrosoamine, the acetyl compound, and tlie hydrocldoride, but no 
other references to w-butylaniline or its derivatives liavo been 
found. 

Ill the present work the condensation of w-butyl chloride a;rul 
aniline has been investigated, and several of the derivatives of 
«-bnt 3 daiiiline have been prepared and their properties investigated. 
I:m the reaction between v/.-batyl chloride and aniline, it wns found 
tliat 3Tiono--'?.-bii.tylaniline was the chief product when tlu‘se com¬ 
pounds were lieated together under atmosplieric pressnrf^. A, frac¬ 
tion of higlier lioibng point was found to consist mainly of 111 //- 
butylaniline. 

The crude :mixture of bases rosnliing from iihe redaction was dls- 
tilled, a:nd thus partly separated into aniline, 'W-hntyhifrilino, anil 
di-w4)iityl<atiiline. TJio •//Jiutylanilino fiauviion wjis <;onvm’irHl int.o 
phenyl-//4>iityInitrosoanuiuv (1), which was rediic‘cd io^ ms'‘'|)!!cnyh' 
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■i^-biitylliydraziiie (II), and this compoiincl was then oxidised to 
dipliei:iyklibiit)dtetrazone (III) by the action of yellow mercuric 
oxide ill etliereal solution: 

By means of Fischer and Hepp's reaction (Ber.^ 1886, 19, 2991; 
1887, 20, 1247) the nitrosoainino was converted into p'-nitroso-w- 
hutylaiiiliiie (IV). On keeping, the crude hydrochloride darkened, 
owing 'prohahly to the presence of free hydrogen cliloride behaving 
similarly to /Hnitrosoksobiitylaniline hydrochloride (Walker, A'lma- 
le/iy 1888, 243, 298)- p^NitrosO“;?A>utylaiiiline was easily reduced 
])y means of zinc dust and hydrocldoric acid to the corresponding 
diamine (V). The nitrosoainine is also decomposed into p-nitroso- 
phonol and '/i-biitylaniine, thus confirming its constitution. It is 
converted into p-nitrosophenyh/^-butylnitrosoamine (VT) by the 
action of nitrous acid. 

Whilst /Mutrosomethylaniline hydrochloride separated almost 
quantitatively in Fischer and Hepp’s reaction (lor., cit.) from solu¬ 
tion in a mixture of alcohol and ether, p-nitrosolnitylaniline hydro¬ 
chloride under similai* conditions gave only a small precipitate 
((Compare Walker, Annfdro., lor. rlL). A yield equal to' 75 per 
cent, of the weight of nitrosoainine taken is ohtaincd by substituting 
a solution of liydrogen cliloride in butyl aleoiiol for tlie ethyhalco- 
holic^ solution and reducing the ]>roportion of alcohol to ether liy 
oiielialf. 

pd?heny]eneri^biityl(1ianiine resembled the other known mono- 
srdKstitutod p-plienylenediamines in being readily oxidised to 
p-benzoquinone and in yielding colour reactions with ferric chloride 
and nitrous acid (compare Fivsclier and Wacker, iicr., 1888, 21, 
2(Vbt; Jacobson, Ammhu, 1895, 287, 131; Bamberger, IJer.^ 1898, 
31, 1516; Bernthsen and Goske, Bef\, 1887, 20, 929), 

E X P E B T, M B N T A n. 

n.-Butylaniliiie was prepared by heating one nioleciilar proportion 
of aniline (93 grams) with slightly more than one molecixlar pro- 
portion of -butyl chloride (100 grams) for thirty-six hours on a 
wator4)atl'i, using a reflux condensei'. A -crystalline deposit was pro¬ 
duced which, after the liquid had been filtered off, was shown to be 
mainly aniline hydrochloride with a small amount of v/--butylaniline 
hydrochloride. From the reddish liquid poured off the crystalline 
deposit, uncombined vr-butyl chloride was removed by distillation 
and the residual oil treated with sodium hydroxide solution. The 
bases which separated were extracted with ether, the ethereal layer 
was left in contact with potassium carbonate for some time, and the 
solvent removed, by -evaporation; the oil o-btaine-d was then distilled. 

At first, some ^'//-butyl chloride mixed with aniline'distilled over 
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]>clow 1,80*^. Ilift fracd'.ion 180 --’‘JOlP cotitaiiu^d //-^Iniiyljusilitie 
mixed with aniline, and tlie distillate between a/nrl was 

'//.-l)iity]aiuliiie mixed witli a smaller anioiuti of aniline. Idmre was 

also a fraction boiling at 200.275'-*^, which was found to consist 

chieiiy of c!i"/i’"butylaniliue; this was investigated later, Tlie dislil- 
lafco boiling at 200—250'^ on redistilling gave a hirge ft’actioii ni:; 
240—-245*^, and by a further redistillation this gave a fraction boil¬ 
ing at 242—244^/765 :ni,m. By converting tlie latter fraction into 
til© iiitrosoamine and reducing with Kini; dust and wa/nn glacial 
acetic acid, ^/-bntylaniline was obtained free from traces of the 
dialkyl compound. It boiled at 241-242^/752 mm, (Kalin gives 
235^^/720 mm.) 

The fraction boiling between 20(P and 250'^' frum 11 le original 
experiment with aniline and //dnityl chloride was noi> fnrilier fra,c 
tionated for siibsecpient experiments, for the action of nitrous aci<l 
made it possible to separate the monowobntyh'uiiline from aniline 
and di-n-biitylanilirie. The fraction lioiling bei.wcen 2d(f'' and 250*^^ 
(105 grams) was tlierefore dissolved in an excess of dilute liydro- 
chloric acid, and a concentrated aqneons solution of sodium nitrite 
was slowly added until the yellow turhidity (Changed to red. The 
nitrosoainine separated on top of the aqueons solution as a reihlisln 
yellow oil, wliicli was extracted with ether, the eiliereal solution 
Ijeing washed with sodium hydroxide solution, and hmiHy with 
water. From the separated ethereal layer dried -over |)otia.ssiutn 
carbonate, the solvent was eva])orated, leaving the iiitrosoamine as 
a greeuish-yellow oil. From a portion (2()*5 graauvs) of tlie oily fiaus- 
tion boiling between 200'^'^ uiiaI 250'^, refmTed to aliove, 22 graaim 
of plienyloo-lmiyhiitrosoaniiiie wore obtained. This ivS insoluble in 
cold water, very sparingly sii in hoi. water, soluble in strong aedds, 
and in most organic solvents. A fresli solution in acid is precipi¬ 
tated by sO'dinm hydi'oxide solution, dhio niitrosoandne is volatile 
in steam, collecting in the distil late as a pale yellow oil, heavier 
tlian water (compare Kahn, /oc. clL, p. 3367). 

Both «-butylaniline a-nd pkenybv^butylnitroaoamhm can be 
readily nitrated, yielding in each case yellow, crystalline nitro-conn 
pounds' which are soluble in alcohol or, acetone and insoh:tl)le in 
water, but can be recrystallised from concentrated nitric acid. 
They were not further investigated. 

Phenyhii-hu tylhydraziv e . 

Plienyl-wdKitylnitrosoaihine (20 grams) dissolved in glacdal acetic 
acid '(50 grams) was slowly added to sriuc dust (100 grams), sus¬ 
pended in 200 c.c. of 90 per cent., alcohol, and the mixtiiro was 
constantly stirred and kept at 10 . 20 ®. Wlien all tli© nitroHoamine 
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liafl 1)0011 a,(i(led, tlie mixture was heated to boiling- and quickly 
liliei'e.d to prevent the deposition of crystals. The zinc dust was 
washed rejieateally witli small quantities of warm absolute alcohol, 
the wa,s]nng’s being added to the llltrate. This nearly colourless 
nitrate was rendered slightly acid by the addition of concentrated 
liydrocliloric acid, and. then evaporated to a small bulk. During 
the evaporation tlie solution gTadiially deepened in colour, until 
filially it became dark red. The concentrated solution of the liydro- 
chloride was next treated witli excess of concentrated sodium hydr¬ 
oxide solution until tlie precipitate first formed was completely re- 
dissolvod. The crude liase, which separated as a dark red oil, was 
extracted with ether, the ethereal layer dried over anhydrous 
potassium carbonate, and the solvent evaporated, Tlie residual oil 
consisted chiefly of phenyl-n-hutylhydrazine, together with some 
vnbutylaniline. The yield of crude oil was usually 75—83 per cent, 
of the weight of phenyl-//-hutylnitrosoainine used. In order to 
separate the //dnityl a inline from the phenyl-//-biiiylhy<lrazine, the 
crude oil was dissolved in dry benzene and dry hydrogen chloride 
passefl ihrougli the solution until there was no more absorption. 
Tlie benzene solution at first changed to a deep' red, but later it 
became paler in colour with the formation of a turbidity. 

The benzene solution wuis filtered and evaporated to a small bulk, 
when the hydrazine was precipitated as a pale yellow crystalline 
jnass on fhe addition of dry ether. By washing the precipitate witii 
a small amount of benzene the hydrazine hydrochloride was dis¬ 
solved, leaving behind the //-butylaniline hydrocldoride. Tlie 
plicuyl-//-biitylliydra7iiie hydrochloride was recovered from the 
benzene solution and twice more subjected to this treatment, when 
it was ohtainefl pure. From chloroform the hydrochloride sepa¬ 
rated in wliite, needle-shaped crystals which are very readily soluble 
in water, benzene, cldoroform, methyl or ethyl alcohols, and very 
sparingly so in ether or light petroleum (b. p. 60 -80^), It reduces 
FelilingA solution on warming: 

0*1030 gave 12*65 c.c. at 2T6° and 747’3 mni.'^' N5=14*01. 
0*1244 „ 0*0900 AgCl Cl = 17*90. 

requires 13*96; Cl ==17*67 per cent. 

Treatment witli sodium hydroxide solution and extraction with 
ether gave the base as an almost colourless oil. It boils at 
247—250*^/762*7 mm., decomposing slightly with the evolution of 

* lu the nitrogen estimations recorded in thisi)apor, the gas was measured 
ov/a* 40 per cent, potassium liydroxide solution. The pressures recorded 
luivo been corrected ' for vapour pressure of the i^otasslurn liydroxide 
solution. 
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attiinO'iiia. Under diminislied pressure tdio Inase cafi ho distilled 
iiiicliatiged. 

IH'plienyH^^^ u tylfe Hrao a e . 

The crude plieiiyl~;?-]>utylhydraziue was dissolved in etliei:*:, and 
yellow mercuric oxide gradually added, following Fischer's rnetliofl 
for tlie preparation of the tetrazone front phenylinethylliydrazine 
{Anmilen, 1878, 190, 108). The red ethereal filtrate obtained on 
separation from the mercuric oxide and mercury was -evaporatefi 
under diminished pressure, and on addition of aqueous alcoliol tlie 
tetrazone was olttained in slightly yellow, fiattened needles. These 
crystals were dissolved in a small anionnt of aqueous alcoliol (GO per 
cent.) and placed in a vacinim desiccator over calcium cddoride until 
the tetrazone separated in wdiite, siduing plates melting at 
After melting and cooling, the melting ]>oint was again dotermiiied 
and foiiiid to he 73^^. On heating above its melting |)o:int, however, 
the compound gradually darkened, until at 110—120^“^ there was an 
evolution of nitrogen, the liquid hecaine dark hrown, and did not 
solidify again on cooling: 

0*0906 gave 13*22 c.c. No at 14*7^^ and 758*5 mm. 17*28* 
CooHoftN,} requires N™ 17*28 per cent. 

An aqueous-alcoholic solution of'"" 'diphenyldiwphutyltetrazo n e 
rapidly decomposed, the soliitiou changing first to a mauve colour, 
tlien gradually to violet, and finally to blue and indigo. The violet 
or blue solution was changed to an indigO' colour by means of acirls, 
and to a reddishunalive colour having a blue iluoroscence by alkalis, 
these changes being reversilile. Zinc dust and acetic acid destroyed 
the blue colour. Concentrated nitric acid changed the lailour to 
yellow, whilst aqueous iodine solution produced a dirty green 
coloration. Lactic acid gave tlie indigo colour, whicdi l>y the a<ii<ioii 
of potassium iodide (Changed tO' olive green. Dilute potassium per- 
manganato was reduced. The addition of bromine in carbon teivra- 
cliloride solution changed the indigo colour to a brownish-yellow, 

"x 

Phenybn-butylnitrosoamine dissolved in about ten times its 
volume of dry ether, and four timesdts volume of alcoholic hydrogen 
chloride were added. In a few minutes the green solution became 
red, and after some time small, browniMi-red crystals of pniitroso-w- 
butylaniline hydrochloride were deposited, which were collected, 
washed with alcohol, then ether, and dried. 

^It was found that p^nitroso'-;^-butylaniline hydrochloride was less 
readily soluble in 'a-butyl alcohol than in ethyl alcohol. A l:)utyl- 
alcoholic solution of dry hydrogen chloride was therefore used 
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Iiistofid of the otiiyl-aleoliolic .solution. The riitrosoainiiie was dis¬ 
solved ill twic5e its volume of dry ether, and two volumes of a solu¬ 
tion of dry hydrogen chloride in '//.-butyl alcohol we.re added. After 
tw'O' hours a copious yellow precipitate of the hydrochloride had 
formed, the deposition of which was accelerated by stirring. It was 
collected, washed with alcohol, and finally with ether. 

To a solution of the hydrochloride in water an excess of ainiiioiiia 
was added, when the base was precipitated as a green, turbid oil 
which, was extracted with ether. The ethereal extract of the 
iiitroBO-derivative was washed once with water and the ether eva¬ 
porated, leaving the base as a green, dark liquid which solidified 
on cooling to a blue, shiinmering mass. It was purified by dis¬ 
solving in alcohol and adding water until a turbidity was produced. 
After some time the ba.se crystallised in long, flattened needles 
melting at 58“-“-59®: 

0*1173 gave 16-32 c.c. Ng at 22*0^ and 742*7 mm. N = 15*73, 
requires N = 15*76 per cent. 

By slow evaporation of the ethereal solution the compound 
ci'yst.allised in large steel-blue prisms. It is only sparingly soluble 
in water or liglit petroleum, hut dissolves readily in ether, benzene, 
or alcohol. Ooncentrated solutions are green, whilst dilate solu- 
tiouB are yellgw. The solid, although steel-blue when in crystalline 
form, is green or yellowish-green when powdered or crushed. 'The 
hfi(Jr()<M()nde crystallises from a mixture of alcohol and ether in 
yellow needles, which are changed to red, and finally to a very dark 
colour, by traces of hydrogen chloride: 

0*2386 gave 0*1588 AgCl. 01 = 16*47. 

" OxoH:;i 40 N 2 ,IIC 1 requires 01 = 16*52 per .cent. 

It is very readily soluble in alcohol, water, or acetone, but insol¬ 
uble in ether or light petroleum. 

By til© action of dilute nitric acid on tlie dilute aqueous solution 
of the hydrochloride, a yellow, crystalline nitro-coiapouud was pro¬ 
duced, insolul)le in water, acid or alkali, but soluble in alcohol or 
ether. On cr 5 rstalliBation from hot aqueotis alcoliol it was obtained 
in long yellow needles, but was not further examined. 

Becom/podtion of jyNitroBo-ndmiylaniline with Alkali, 

2*6 Brains of p~Ilitroso-'?^-butylalliline wmre added to' 40 c.c. of a 
10 per cent, solution of sodium hydroxide, and the mixture was 
distilled in a current of steam for twenty ininutes, the distillate 
being collected in an excess of dilute hydrochloric' acid. The red¬ 
dish-brown residue was neutralised with dilute sulphuric acid until 
the colour became pale green, when the solution was extracted with 
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etiior. On. eva/|.»o!’a,,Uon of Ivhe etluvrea.1 layer a pale hiilTaaoloiirerl 
residue was left^ whieh dissolved in aleoliol^ acetone or ellicr to a. 
jJTecii soil! lion. By slow evapovatiou of the eihcr the compound wms 
obiadiied in almost (a)lourless needles irieltiiig and decoin posiipj:;' ai. 

itU).123'^. It liad the 'p'roperties of />-niirosoplie.iiol, and gawc a. 

red sodiiiin salt, crystallising from water or from, alcolu)! in red 
needles extremely readily soluble in water and sparingly so in ether 
or acetone. (Found, ]Sra-ir)*44. Calc., Na=:15*85 percent.) Tlio 
liydrocliloric acid solution in. which the distillate liacl been collected 
was evaporated to dryness, leaving an almost white residue, which 
was ideutifiod as //-butylamiin^ Ipydiaxddoride by the analysis of the 
])laiinichloride. (Found, 34*87. Calc., rt:--:-35*l() per cent.) 
Tlie production of the primary adijiJiatic amino a,ml /Miii-rosopiicno! 
from tlio nitrosoamine proves tha.t ilie nitroso-group, by ilio aadioii 
ol alcoholic hydrogen (ddoriflo, had niigra-ted to tin; para position, 
beliaviiig in a manner similar to tlmt observed, when ibo lower alkyl 
derivatives of aniline, such as |>honylinebhy1rutrosoa.iniiic, ;iro simi 
lariy treated. 


ly-iViinMo-ii-h iilf/ldnilhi an iiroaoaniin a. 

Two grains of /mutroso“//-butylaiiiline liydrocldorido wore <!is- 
solved in a small amount of dilute liydrocliloric acid, the Holiiiion 
was cooled in a freezing mixture, and a concentrated solution of 
sodium nitrite (a slight excess of 1 mol.) was added slowly. A 
greenish-yellow, lloceulent ])recipitato separated, wliicli was col¬ 
lected after an hour. It was purified by dissolviug in alcoliol and 
adding water until a turbidity was produced, and ilien loaving tlie 
mixture until crystallisation had taken place. The m)mpound sepa¬ 
rated in small, gmni plates melting at 39*3^^' 

()*(,)’8f)5 gave I4"85 a.c. at IG'8^^ and 734*0 nun. N '"'20‘f>3. 

recjuires N —20*29 per cent*. 

is freely sol able in most 
organic solvents, but almost insoluble in water. Dilute solutious 
become bright yellow by the action of alkalis, whilst acids almo.st 
discharge tliO'^ colour, these clianges heiiig revetaibie.. It was found 
that the colour of an alkaline solution could be- discliarged liy the 
addition of one drop of iF/20-snlphuric acid. The cc)m|)ouml 
responded to Liehermanii’s test for nitroso-compounds. 


\>Fhen}^le.na-\\-h ntf/UHawhia, 

Zinc dust (15 ' grams) was added gradually to a. solution of 
p-nitroso-?^butylaniline liydrochloride (10 grams) in water, when a, 
fairly vigorous reaction ensued, attended by evolution o,f heat, so 
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iliat ii. was necessary cool the iiiixtiire. After tlie reaction, J'lad 
iiiotlerated, (‘oiHJentrai.ed iiydrochloric juud (45 c.c.) was gradually 
a<lded a^iul the mixture was heated for a short time on tlie water- 
l3ath until almost colourless. It was filtered hot from the excess 
of zinc dust, which was washed repeatedly with, warm dilute hydro- 
chloric acid and finally with alcohoh The acid filtrate was then 
evaporated to about half its bulk, rendered alkaline with sodium 
iiydroxide solution, and the base which sejjarated out as a dark- 
coloured oil was extracted with ether. ’^-Fhcnyleiie^ii-lj 
was obtained in a pure condition by the addition of an excess of 
dilute sodiuiri hydroxide solution to a concentrated aqueous solution 
of the hydrochloride cooled in ice. The base separated as a white, 
crystalline solid, which was collected and washed with water. On 
recrystaliisation from light petroleum, it was obtained in white 
]>lates melting at 31*5®, having a pearly lustre. The colour slowly 
ciianged to red oii. exposure to air: 

()'0631 gave9'45 c.c. No at 18*5® a.n,d 744*5 mm. Nr-17*19. 

requires N=: 17*07 per cent. 

An altermitive method of obtaining the free base in a pure con¬ 
dition was also employed. The dark-coloured base was distilled 
instead of l)ein.g converted into the hydrocbloride. Under a pres¬ 
sure of 768 mm. it distilled over mainly at 302*5—303*5®, and on 
cooling solidified to a white, crystalline mass. It is readily soluble 
in most organic soiveuts, but modeixitely so in cold light petroleum, 
ami insoluble in water. 

P“/Vno/y/ dihf/droch/orldc crystallisefl from hot 
al>sohite alcohol in small, glistejiing plates whicli did not melt at 
200 ®: 

0*0750 gave 7*80 c.c. at 20® and 74.6*3 mm. N = 11*90. 

0*1324 0*1G1() AgOl Cl-30*08. 

Cl,(j.Hj,.N.>/2IIGl requires N = 11*S2; 01-29*90 per cent, 

it is insoluble in ether, sparingly soluble in cold a,l)soliitc alcohol, 
more readily so- in hot alcohol, and very readily soluble in water. 
With a small a.moiint of ferric chloride solution, a neutral solution 
of tlie hydrochloride gave a dirty green coloration which changed 
slowly through a succession of colours to a dark red. The green 
colour was restored on adding more ferric chloride. With potassium 
ferrocyanide the hydrochloride solution became olive-green, chang¬ 
ing to blue on the addition of alkali. Oxidation by boiling witls 
ferric cliloride or potassiuin, diciiromate and dilute sulphuric acid 
produced an odour resembling that of p-benzoquinone. A solution 
of bromine in aqueous potassium bromide gave a yellow precipi¬ 
tate wiiicli gradually darkened on keeping. 
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Difi’^otimli o u oj ] hJ'hvuylcnr-iibufi^hlutinhic DihtitirovJiiorni a . 

To ai] aqiieousi Boluiioii of! iho liy'drocliloriilo (1 lool.) ioikIoi’ihI 
ficid by tlie acldiiion of hydrochloric acid (3 iriols.) a.nd cooled in ;.i. 
freezing mixture,, au aqueous soluiiau of Boditmi nitrite was jwlclcd 
until tliere was a sliglit excess of! iritrous acid f)reseut. Dti iii'st 
adding tlie sodiam, nitrite the 'hydrochloride solution hei^artie green 
and then rapidly turned tn a brown tint. ;/;'n\«iinx)ciiplienylainii,ic 
behaves in a soniewhat similar .manner (d;icobso'M, ha*, c//.). On, 
adding this diazotiscd solution to an a(|ueous Bolntioii of |daiinic 
chloride, a liglit yellow precipitate of th,c (liazoniiini fhtdnlchh^ride 
was ehtaiiied, whicii was colle<'.tetl and washed well witii wa.ter aiid 
linaliy with alcohol and etiior: 

0*1888 gave 17*50 c.c. No at 12*^ and 758*7 mm. 11*08. 
0*1509 ,, 0*0381 'Pt. “Pt==:25'25. 

(G 5 ,oiI;i 4 N 3 Cl) 2 ptGl 4 requires Nrrll’05; Pt:-'-25*06 per cent. 

This salt was almost insoluble in water, but sparingly so in 
alcohol. It commenced to darken at 115—120^^, and deutomposed 
at 147—150® with a brisk evolution of nitrogen. When heated 
suddenly in a Bunsen flameritlTecohip-Gsed'Gx-ploHively. 

On the addition of an aqueous solution of the diazoninm chloride, 
freed from nitrous acid by means of carbamide, to J-in allcahnc solu¬ 
tion of /3~naphthol, an azomompoiind separated as a. red, crysta,lline 
powder, which 'was collected after a few hours. Tn the dry curmlltion 
it is almost ]>lack and has a metallic! lustre. It is insohddo in water, 
but solulde' in most organic solvents, ami dissolves in (‘on cent rated, 
sulphuric acid, giving a deep red colour. An a.(:!otyL''«.rei.ono deriv¬ 
ative was obtained as a'i,i orange },n:ecip‘itate <m adding a Bohilion 
of the diazotise-d ;/^(liamine, free fiT),m nitroms acid, to an alcolioli.c 
solution of acetylacetone. (,)n the addition, of sodium aeetaio t,!.hori! 
was a yellow tiiibidity, fxnm wh,ich crystals soon, separated,. Tlio 
compound crystallised from aqueous alcohol ,m yellow needles, but 
was not further, examined. 


November ls% 1917 .] 
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XC .—The Limitations of the Balance. 

By Bertbam Blount. 

About three years ago the author had occasion, in the course of a 
research, tO' make accurate weighings extending over some months. 
The balances used were by the first makers, and the discrepancies 
oI)served were at first attributed to the errors of experiment arising 
from the difficulties of the research. Slowly and reluctantly, how¬ 
ever, the conclusion was drawn that the errors lay in the balances' 
themselves, and the following is an account of the nature and 
extent of these errors. 

It is usually accepted that a good balance carrying 200 grams 
in each pan should turn with certainty with OT milligram, an 
accuracy of one part in two millions. Much higher accuracies have 
been claimed, but for the purpose of the research in question this 
degree of accuracy was sufficient. It was assumed that it could be 
obtained without difficulty, and the research was started on this 
assumption. As has been mentioned above, the cause of the error 
was not at first suspected, and after many months of work the 
balances themselves were critically tested. It may be stated at 
once that all were usually accurate over a short period of a few 
hours or even a few days, but over longer periods of a few weeks 
or months they showed themselves untrustworthy. 

In all, six, balances were used, three being provided by the kind¬ 
ness of Professor Pope at Cambridge; the other three were at the 
laboratory in the author’s house. 

Those at Cambridge were a Sartorius carrying ,200 grams in each 
pan, a smaller Sartorius carrying 100 grains in each pan, and a 
Bunge, preferred by the late Prof, Ewing for his own work, carry- 
i,ng 100 grams in each pan. 

Those in London were an Oertling carrying 200 grams in each 
pan (a,nd it may be remarked that the beam used was selected out 
of live by the makers as the best they had), another Oertling with 
a load of 100 grains, and a modern Bunge carrying 200 grains. 

Each bala,iico could be read with accuracy to 0‘1 milligram, and 
in all cases standard weights were used. 

All proper precautions were taken to secure uniformity of 
condition. 

Four of the balances were used in their own case, one in a 
massive gun-metal case, which was air-tight, and one in an all- 
glass case, which was also* air-tight* 

In each case twi,n weights were used so as to prevent errors creep¬ 
ing in from this cause. 

VOL* OXI* ' S S 
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Weighing^' were mado by tlirec iiulepen^jeiii ol^Hcrvery at both 
(ti 111 bridge anal, London, and, as there were far i.oo many record 
ill foil ill a aliori ])aj>ei\ only Uiose representing ilw imix!iriri,m 
varied,ions are recorded, ami are as follows: 

Cambridge. 


Sw.all ^iartorul^<. 



IJivisinihS. 




llivisic 










_■ — 



Toutlis 

Dai'O, 

Left. 

Right. 

Tonijj. 

m,g* 

Date, 

Left. R 


Temp. 

,mg. 

29.4.17 

7 


10.0" 

■I-0-25 

25.6.17 

3^= 

3t 


1 0 

:]0.4.J7 

7 

1 

15 

.{: 0 

20,6.17 

4.t 

5 

i 7-‘t‘ 

'■ k 

il,5.1 7 

7 

S,l 

,15 

Ut 

4.7.17 

41 

5 

I6-5 

1 

5.5.17 

5 

r>l 

15 

1 

5.7,17 

4 

31 

l«i-5 

■!■ 1 

(1.5.17 

21 

2 

li 

d- i 

7.7.17 

4 

;r 

17 

1 

7.0.17 

2 


14 

.1- 0 

9.7.17 

6 

6.i 

1 Ct5 

“ - 4 

11.5.17 

4 

51, 

14 

1.1 

12.7.17 

•Li 

41 

1 «,>-0 

4- 

IS. 5.17 

4. 

7“ 

i4«r> 

% 

15.7.17 

5“ 

4t 

IS 

■{■ ] 

2,7.0.17 

y 

y| 

17 

1 

10,7,17 

H 

7 

18 

. k 

210.17 

7 

7 

17 

■J. 0 

20.7.17 

7 

6| 

18 

-1 1 

;U.5.i7 

H 

21 

17-3 

-f- L 

20.7,17 

4 

2 

19-0 


4.117 

Si 

l-k 

17 

-b 1 

1.8,17 

7 

7 

17-7 

•I' 0 

10.117 


5 

]7-0 

H- U 

6.8,17 


9 

17-0 


,14.117 

it 

4 

18 

rh 0 

11.8.17 

n 

3 

17‘0 

4- i 

15.117 

7 

aj 

18-5 

-1- ij- 

13,8.17 

5 

5^ 

18 

...» 1 

17.117 

4 

3 

19 

-1- 1 

20.8.17 

3* 

24 

17-5 

...j„ 1 

21.117 

6 


19 

;i 

30.8.17 

'7 

8t 

16-5 

i. c 

22.6.17 

0 

lit 

18-5 

*b 3 







(Greatest difference in 4 months, 0-6 milligram. 
* Full. t Bare. 


Bunge, 



Div 

isioius. 

'rtinf.liu 1 


Divisiuns. 



llate. 

Left. 

Right. 

Temp, m 

4- 

14a t(}. 

Loft. 

Right. 

T(,miij',c 


29.4.17 

4 

4t 

I5-5"' •!• 

”o 

12.7.17 

9 

H 

IT-' 

-! t 

30.4 17 

5 

5’^ 

15 ■ !•, 

0 

12.7.17 

>■> 

0 

16 


30.4.17 

0J- 

5 

15-0 t 

1 

12.7.17 

<■> 

2 

16-0 

■ 0 

2.5J7 

7 

r>j 

1.4 !■• 

l| 

13.7.17 

, 7 

0 

16*f« 

i 2 

2.5. ,17 

n 

3 

14-5 -- 

T 

13.7,17 

4 

0 

16-5 

. 1 

7.0.17 

7 

6 

13*5 -1 

r 

' 13.7.17 

2 

2 

16-0 

i- 0 

10.0.17 

H 

6 

13 

n 

! 13.7.17 

1 

3 

16-5 

.. 2 

11.0.17 

0 

4J 

3 

14 + 

i 

17.7.17 

3 

3 

rc3 

•h 0 

1.2,5.17 

2 

14 

r 

20.7,17 

li 

3 

18 

::: ij 

22.5.17 

7 

7 

10-0 4- 

0 

29.7.17 

' 0 

5 

10 

T 0 

24.5.17 

6 

/ 7 ' 

10-7 L 

1 

3.8.17 

5i 

6 

17 


3L5.17 

6 

0 

17 4- 

i 

12.8.17 

6 

0 

17-7 

O'" r 

1.6.17 

3 

4 

17 

1 

18.8.17 


0t 

17-5 

-- 2 

3.6.17 

6 

5 

17 L 

1 i 

20,8.17 

r4 

4 

17 

+ li 

1L7,I7 

7 

7| 

15 ^ 


30.8.17 

7 

8 

16 

1 


Greatest difference in 4 months, 0-5 milligram. 
=<* Full. t Bare. 
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Za-fye Bwrtorim . 






Divi 

sious. 



Divisions. 






Tenths 





Date. 

Left'. 

B,ight. Temp. 

mg. 

Dale. 

L^itT^ 

Right. 

Temp. 

nig. 

a0.4.i7 

7 

7 15-5'^ 

-J:: 0 

28.0.17 

9 

10 

IT 

- 0 

:i0.4.17 

5 

0 15-5 

_ 1 

5.7.17 

9 

10 

16 

- 1 

1.5.17 

6 

9 14-5 

™ 3 

6.7.17 

6 

8 

16 

„ 2 

1.5.17 

31 

7 15 

™ :h 

12.7.17 

1 

4 

16-5 

- 3 

4.5.17 

6"^ 

6 14-5 

dr 0 

13.7.17 

54 

74 

16-5 

_ i> 

7.5.17 

41 

6 13-5 

™ n 

19.7.17 

9” 

9* 

IS 

± 0 

10.5.17 

tf 

6| 13 

- 1 

23.7.17 


8* 

IS 

- 1 

12.5.17 

-J- 

4 14 

™- 14 

26.7.17 

5 

5 

19 

rb 0 

13.5.17 

9 

94 15 

- 4 

29.7.17 

84 

8 

39 

-f 4 

14.5.17 

8 

94 15 

™ 14 

1.8.17 

9" 

8 

17 

-0 1 

20.5.17 

61 

7 16 

1 

2.8.17 

4’*' 

3 

17 

’-p 1 

28.5.17 

9“ 

10 16-75 

-- 1. 

4.8.17 

30 

7t 

17 

-j- 3 

29.5.17 

6 

6 16-25 

di 0 

0.8.17 

9.t 

3 

37 

-h 6| 

7.0.17 


6\ 

5j 

f- 14 

9.8.17- 

12“ 

3t 

17 

-h 9 

\4 

\- 1 

1L8.17 

12 

1 

3 7-5 

-hll 

14.6.17 

7f 

7 18 

-1- 0 

13.8.17 

32 

- ] 

17 

6-13 

17.6.17 

9 

n 18-75 

I 

19.8.37 

12*** 

— 6 

17 

-MS 

18.6,17 

5 

19 

d- 1 

21.8.17 

12 

7 

37 

4-19 

19.6.17 

9 

9“ 19 

- 0 

25.8.17 

12 

8 

17 

-1-20 

22.6.17 

9 

10 18 

-- 1 

31.8.17 

12^* 

-11 

16 

-f" 23 

26.0.17 

3 

5 17 

_ 4> 

1.9.17 

13 

-11 

16 

-h24 

(lr(?a.tost diffe 

reiico, 2-5 milligrams ii: 

L 4 months. 




llejeeti 

ng Die 

readings after 4.8,17, 0-45 milligram in 

3 mantliH. 




* Full. 

t Bare. 







London. 







Large Oertling. 






Div 

isiions. 

1 


Divisions. 





1 

Tmiths i 



- .r...ii.iri - 


Daiii. 


Right, Temp. mg. i 

Date. 

Left, 

Right. 

Temp. 

mg. 

I4J5..17 

4 

4 24-5" 

d:; 0 

26.7.17 

0 

34 

22^ 


19.6.17 

44- 

1h 2L9 

™ 6 

7.8.17 

1 

9 

20-3 

--lO 

23.6.17 

3 

3" 16-3 

-!■ 0 

4.9.17 

34 

6 

20-3 

5 

3.7.17 

5 

7 lB-2 

4 

10.9.17 

l“ 

7 

20-4 

12 

7.7,17 

3 

3,|' 16-7 

1 

14.9.17 

1 

5 

18 

. 8 

20.7.17 

2 

7“ 21-3 

-10 








Sreal^ost difforeneo in 3 months, 

1-6 rnilligranis. 






Bunge. 






j,)! viwionrf. 



Div 

isions. 











Pi.4nf‘,]*sq 

Date. 

Left. 

Bight. Temp, mg. 

Date. 

Left. 

Right 

. Temp. 

„i, 11, vk i*r> 

mg. 

14,6,17 

4 

4 24*^ 

± 0 

4.8.17 

6 

94 

16-rc 

7 

15,6.17 

I 

■ 3 19-5 

4 

5.8.17 

3 

H 

18 

-10 

16,6,17 

2 

3 21-5 

2 

8.8.17 

64 

U- 

19-5 

... 4 

30.6.17 

3 

8 13-5 

^10 

20.8.17 

4 

4| 

18-5 

-- 1 

10.7.17 

7 

104 16 

7 

22.8.17 

11 

64 

20-5 

+ 2 

14.7.17 

6 

6| 22 

_ 1 

26.8,17 

r>“ 

8“ 

18 

$ 

16.7.17 

3 

54 20 

5 

6.9.17 

6| 

ii 

20 

-- 2 

20.7.17 

,> 

1 2L5 

d- 2 

9,ai7 

0 

2 

20 

4 

27.7.17 

1 

24 21 

... ;i 

13.9,17 

5 

8 

.17 

6 

2.8.17 

14 

6 15-5 

0 







Greatest difforeuce in ,1 

; months, 

1*2 milligrams. 

8 s 2 
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tyfnall Of'Ttliiuj. 








Dix'isiiiit;-.*. 






Tan, 

tbs 




I’tmt hw. 

Dal 

to. 

lift. : 

Ri;j;ht. Tcnip. ii 


Dab,'. 


'TlMUp. 


W.O. 

17 

r> 

<1 24^ 1- 

0 


2 k 

nr 

-- 1 

,10.0. 

.17 


2 LI 'h 


2.8.17 

4i :u 

] Of 5 

■ i- 2 


17 

H 

i\h 22-2 -i- 

0 

s.s.n 



„ 1 0 

31.7. 

17 

2 

r 17.2 r 

2 

10.8.17 

.» .> 

i‘.) 1 


(,F 

roiii i 

10.8.17 

to 22.8.17 baliviH 

ro 

niaiiiod e.<' 

oistaiit. (left at 

u‘1 light 

t;(jrud) 

with 


btioriH o: 

c of 

r.) 





(F 

rorn t 

». 8. i 7 i( 

> 1.0.17 tho balm 

tee c 

lid not VHi 

ly more tiuui ( 

1 dieisio 

n Nvith 

\ari{ 

itioas 

<,>f ft'llV 

ptM'aivifG of 4'2‘".) 






1,0. 

17 


21 10 0^' 

k) 


9 Si 

18*:] 

: 1 


17 

2| 

2i d: 

0 

j Lf.O.l? 





Gi,’eate.st diff(ircnco ia 3 muntlw, 0'4 


These iigures show tliat six balances of the best Eiake» observed by 
tl'iree people at two different places, gave a variation over as short 
a period as four months varying from 0*4 to 1*6 milligrams, and 
that these variations cannot he correlated with any variation of 
external conditions. ■ 

The author is well acquainted with earlier work by Poyiiting 
and others, and does not doubt that accurate readings can be made 
over a short period, but finds that constancy cannot be relied on 
over as short a period as four months. 

The natural suggestion of the cause of discrepancy is that there 
is a difference of temperature between the two arms of the beam. 
This has been dispelled by direct observation. Two thermometers 
reading bo 0*0P were placed one on each pan of a balance in the 
same room, as that containing the three balances used in liondoii. 
Exeepi: in on© instance, when by accident direct sunlight fell on 
the bulb of one thermometer, no greater difference than ()'{),3^ was 
observed. Calculations, confirming those of Landolt, show that 
such a difference of temperature in the beam itself is negligible in 
its effect on the indications of the balance, and this difference, 
which .represents that of the pans, is far greater than would bo 
possible in a solid piece of metal, like a beam under uorinal condi- 
tions. As the fact remains that these variations occur, however, 
there clearly must be a physical cause. The matter has been 
referred to engineers of eminence, accustomed to consider stresses, 
and one was so good as to compute the stresses in a beam identical 
■ -with that of two of the balances. He reported that the beam was 
amply strong to, carry a load without flexure, although condemning 
the design as clumsy. The slow flow of metals under stress is well 
known, and might provide an explanation were it not that the 
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beam ol a balance is not tinder stress except in tiie short time of 
weigliing. Mnroover, some permanent set in one direction or tli© 
other might be expected. 

It remains to consider other probalile causes of the inconstancy 
observed. 

There may be an alteration in the elfective length of the two 
arms of the balance. In the case of the six balances examined, two 
had their end knife-edges set in. sealing-wax, two were held by set 
screws, and the other two were apparently pressed in. In all three 
methods of construction, fortuitous movement of the knife-edge is 
easily conceivable, and to this explanation the author inclines. 

As a balance of the best make is generally regarded as capable 
of use to its assigned limit of accuracy, chemists generally have 
accepted its indications without question. The present inquiry, 
which only arose out of the main research, shows that this view is 
untenable if constant readings are to be expected over a relatively 
short time. Nor is there any indication as to when the variations 
may occur. As many chemical and physical experiments are neces¬ 
sarily lengthy, an unsuspected alteration of the indications of the 
balance may in the past have led to grave errors. It seems to be 
iticumbent on balance makers to provide an instrument capable of 
carrying 200 grariis in each pan turning with certainty to OT milli¬ 
gram., and dependable in this respect for a reasonable time—say a 
year—-without alteration or readjustment, it being always under¬ 
stood that all proper care is taken in using the instrument. At 
the tim.© of writing, it appears that such a balance does not exist. 

70, York St., 

Wkstm'XNsteR', S.W, [ Received. October 191.7.] 


X (J.I.—3 : 

By Arthuu Gordon Francis. 

Thb formation of furan derivatives by the condensation o,i‘ benjzoins 
has been observed by several workers. Zinin (Zeitsch. filr Ghemie, 
1867, [ii],' 3, 313), by the action of concentrated hydrochloric acid 
at 130® on benzoin, obtained lepiden, benzil, and an oil. Limpricht 
and Schwanert (Jicr., 1871, 4, 337) showed that dibemoylstiibene 
(Zinin’s acicular oxylepiden) is obtained 'by digesting benzoin with 
dilute sulphuric acid, and that when heated with benzoin it yields 
lepiden an,d benzil. On reduction, dibenzoylstilbene yields bidesyL 
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Magiiaiiiiii and Angeli (Bf.r., 1889_, 22, 855) showed lhafe when 

lh?lcs,yi is lieai'ia'l with, (H_)ii{^ent,ra,te(l hy-tlrocdiloric acir! at 13(h.h'lO'-- 

for two hours, lepidon is ronnofi. Dorn (/la/a/Zra, 1870, 153, 358) 
siiggostocl, and a,nd Kliiif^’ciua'un (T., 1890, 57, IK,>2) showed, 
that lepidesi is tetra|vhe!iyirnrari. Japp> and Tingle (T., 1897, 71, 
1138) proposed the formula: 


OPhrz—C.Th 

cp!i<2>npii’ 


foi* (1 iho 11 zoy Istl11 )ene. 

The relatiou of these compoiuuls is shown in the following 

scdieme: 


Bonzoin. 

CHPirOH 
Ci)Ph \ 

\, 

\ 


Bkiesyl. 

CHPh*cnPh 
CO?U ioPh 


MCI ^ 

Rl-h-f,;ph 

CPh CPil 

\/ 

() 

Lepidon or tetraphoayifuran. 



lJif.)enzoylrttil>ciio. 

OPhrizrrOPli 

I I 

0Ph<;>(j:Ph 
/ ^ 


More recently Irvine and MicNicoll (T., 1908, 93, 950, 1601) have 
shown that methoxyfuran derivatives can be obtained by the action 
of hydrochloric acid in methyl-alcoholic solution on benzoin, 
anisoi’o, and fiiroin, but that when ethyl alcohol is subatituio-d frvr 
methyl alcohol no such condensation products are formed, only the 
ethyl ester being obtained, as is usual in the Fischer esterification 
process. 

The author and Keane (T., 1911, 99, 344) described ^miitro- 
acetylbenzioin, and attempted to hydrolyse this substance and also 
the iiitrobetizoylbenzoin prepared by Zinin (Anmalen^ 1857, 104, 
116). Zinin states that the position of the nitro-group in nitro- 
benzoylbenzoin was not determined. This compound is now shown 
■to be j^nitrobenzoylbenzoin, N 02 *C(^Pl 4 'CHBz* 0 Bz, by the same 
methods that fixed a similar constitution for ji-nitroaeetylbenzoiii 
(loc. cit,). 

Both p-iiitroacetylbenzoin and yMiitrobenzoylbeiizoin yield, on 
hydrolysis with hydrochloric acid under appropriate conditions, the 
same condensation product, together with 7j-nitro1>enzil The reac¬ 
tion is quantitative, and for every three molecules of nitroacyl- 
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benzoin iisedj one I'lioleoule of tlie condensation product and one 
rnolecule of ^^niti’ob-enzil are formed. This condensation product is 
shown to be 3 : 4,<U-i^-}Utrotetra^^^^^ The probable course 

01 the reaction maybe stated as follows: 

(1) The nitroacylbenzoin is first hydrolysed: 

NOyCoHTCHBz-OBz(Ac) m-QjUpCHBz-OH. 

(b) 

(2) Tavo molecidea of the nitrobenzoin thus formed are condeinsed 
and reduced to dinitrobidesyl by a third molecule of nitrobenzoinj 
which is itself oxidised to p-nitrobenzil: 

NOg-C.H/CHBz-OH HO-CHBz-GVHpN'i t, 


(II.) 

(3) The dinitrobidesyl under the infliience of hydrochloric acid 
loses Abater and is coin^-erted into dinitrotetraplienylfuran ; 

m )y cy-l ^pCl-l-CH-O.H,- NO. 

COPh GiiPh " 




N(),-0JT,-C 


-9-CV,H,-NO, 

CPh-OH CPh-OH 


N0,-0,H„-C 


1 ! 

GPh 


-C*C,HpNO, 

CPh 


o 


P’rom this view of the course of the reaction the constitution of 
the condensation product is regarded as 3: 4hlh2>nitrot6traplienyb 
furan. ' The intermediate compounds ;/>nitro’b6nzoin (I) and dinitro" 
bidesyl (TI) liave not as yet been obtained, although attempts were 
made i:.o isolate them by partial hydrolysis by means of hydrochloric 
acid and watei'f 

The investigation is accordingly incomplete in this res|>ect, but 
the results obtained so far are published, as the author is likely to 
be prevented by prevssnre of other work from coniilining the research 
for some time to come. 


Experimental. 

Eydroh/m of ^-Nit7*oacetylbenzoln, 

Forty grams of p-nitroacetylbenzoin melting at 125^ (uiicorr,) 
were dissolved in 500 c.c. of boiling 90 per cent, alcohol in a capa¬ 
cious flask fitted Avith, a reflux condenser. When completely dis- 
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solvedj 30 (VC. of concentrated hydrochloric acid (1) I/Kj) were 
added slowly tla’oiig’h the condenser, so as noi ir> stop the ebullition 
of the ]ic|iiid. At the eiul of half an hour, yciiow uetM.lles began to 
]}e deposited. After six hours a vohuinuous mass of crysifals had 
separated, a,iui the solution ha-d a. sirctig odour of ethyl aiCetaie. It 
was then filtered w'hile boiling and w-ashed several times witli boiling 
90 per cent, alcohol to remove -/MiitrobenziL The crude product 
melted at 207° (uncorr.), and after recrystallisation from glacial 
acetic add the pure substaiKJO (21 grams) melted at 211° (uncorr.). 
.From the .aleoliohc solutioi’i 10 grams of pmitrobenzil wmre 
rtciovered. 

3:4-/A2|e/y///v'i/o/.ro////cy/////arna crystallises from glacial acetic 
a,cid in long, ])ale yellow, silky needles. It is very vsparingly soluble^ 
io light petroienin, ether, cold or hot 90 per cent, alcohol, or water, 
and moderately so in benzene, toluene, acetone, or chlorofornn It 
crystallises best from acetic anhydride or glacial acetic acid. One 
gram dissolves in 50 c.c. of boiling glacial acetic acid; 

01002 gave 0-2G72 COj, and 0*0357 H.O, 0-72*72; 11=3*95. ' 

0*2744 " „ 15*0 c.c, (moist) at 19°lnd 748*5 mm. N = 6*28. 

0*3384, in 17*677 benzene, gave E=0‘12°. M.W.-426. 

requires C = 72*73; H = 3'90; ]Sr = 6*06 per cent. 

M.W.=:4G2. 


Action of Alcoholia Ilydrogen (Jhlorkle at 42° on \y-Witroacetyh 

benzoin. 

Two grains of p-nitroacetylbenzoin were heated with 150 c.c, of 
absolute alcohol saturated with dry hydrogen chloride in a therino- 
stat at 42° for four hours. After some time a yellow*' solid sepa¬ 
rated, which on crystallisation from glacial acetic acid melted at 
210° and was dmitrotetraphenylfuran. 

Prom the portion soluble in alcohol only p-nitrobeiizii, melting 
at 140°, could be isolated, together with unchanged nitroacetyl- 
benzoin. 

Action of Water on j)-Kiiroacetylhenzoin, 

Five grams of nitroacetylbenzoin were heated with 10 c.c. of water 
at 180° for six hours. No pressure was observed on opening the 
tube. The aqueous layer was decanted through a filter and was 
found to contain acetic acid. The solid product was a red resin; 
from which p-iiitrobenzil melting at 140° and p^nitrobenzoic acid 
melting at 238° were isolated. No dinitrotetraphenylfiiran was iso¬ 
lated, nor could any intermediate product be obtained. 
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Consfitvfioii of Nitrohemoylhenzoin 

Nitrobeiizoylbenzoin was prepared by Zinin’s method (loc. cit.), 
The specitneo melted at 137° (uiicorr.). (Found, j[Sr = 4'3. Calc., 
lSr = 3*9 per cent.) 

When hydrolysed and oxidised by nitric acid (B 1’4) it yields 
benzoic acid and |MiitrobenziL When oxidised with a mixture of 
sulphuric acid (20 c.c. of concentrated sulphuric acid in 20 c.c. of 
water) and an approximately normal solution of potassium 
dichroinate, as described for ^^nitroacetylbenzoin (loc. cit.), it yields 
benzoic acid and 77 -nitrobenzoic acid. The constitution, 
(4)Isr02-GcH4(l)*CHBz-0Bz, 

ftimiiar to that of p-nitroacetylbeiizoin, is therefore deduced. These 
reactions take place with more difficulty than in the case of /Miitro- 
acetylbenzoin. 


Mydrolysu of T^-Nitroh eMzoylhenzoin .. 

(1) Five grams of j^-nitrobenzoylbeiizoin melting at 137° were 
heated under reflux with 150 c.c. of ethyl alcohol and 7 c.c. of 
aqueous hydrochloric acid (D 1*16), At the end of two and a-half 
hours there was no separation of yellow needles, no yellow colour in 
the solution, and 310 odour of ethyl benzoate. The yMiitrobeiizoyl- 
bezoiu was recovered unchanged. 

(2) Four grams of ^Miitrohenzoylbenzoin were heated under 
reflux for twenty-four hours with a mixture of equal parts of 
aqueous Jiydrochloric acid (B TIG) and amyl alcohol, more acid 
being added from time to time. The insoluble product weighed 
2‘2 grams. After crystallisation once from toluene and twice from 
glacial acetic acid, there remained 1*5 grams of dinitrotetraphenyl- 
furaii iiielting at 210°. When mixed with dinitrotetraplienylfuran 
melting at 211°, obtained by the hydrolysis of ^/-nitroacetylhenzoin, 
tlie mixture melted at 210°. The substances were therefore iden¬ 
tical. 

(7 5 i i\'i!, cA. 0 1) K PA m: M n xt , 

8ir J<uiN (Ja.sw Teoh.nioal Institute, 

London, E.C. [Becelved, 1th, 1917.] 
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X.01L—The “ [/ni/orrn MovenieiU^' iliuimj Urn 
PrirpagdlHyih of Flanio, 

By WA'f/rKii M'ason and RrcnARD Virinon Witkelkr,. 

Tise initial, slow propagation of flaine tluit takes plaice when an 
ia.lici,iiini!il.)Ie mixture at rest is ignited at a point, is usually re* 
garded as controlled by the transference by (H)ndn(duon of tlie beat' 
developed by tiie contbustion of the niixtixro ininiediately snrrouad- 
iiig the point of ignition, 'where()y successive contiguous |)ort,ioiis o,i‘ 
tlie iiiixture are' ra,Ised in t(?inperatnre until clieniiiaiJ action becomes 
rapid. T,iie initial speed of projiagatioii of flame in a, given mixture 
away fro),n tiie point of ignition slionld mainly depend, according 
to tin's vie-w, (1) on the conductivity for heat of tlie liribniTit mix- 
tiiro, and (2) on the velocity witli which a luoderaiely heated layer 
begins to react chemically and so to rise gradually in temperature, 
0 ’;% ill other words, on the rate of change of reaction velocity with 
tefiiperatu,re‘. 

D'lider certain conditions, wuth all inflammable rnixturevS of gases 
and air at atmospheric temperature and pressure, the initial alow 
propagation of flam© can bepiiaintained at a uniform speed over a 
considerable -distance of travel from the point of ignition. The con¬ 
ditions most favourable, or necessary, to obtain and maintain this 

umforin movement of flame are that the inflammable mixture 
should be contained in a long, straight, and horiziontal tub© open 
at on© end and closed at the other; and ihat ignition should be 
effected at,the open end of the tube by a source of heat not greatly 
exceeding in temperature the ignition-temperature of the mixture, 
and not productive of mechauicai disturbance of the mixture. Tlie 
speed of tlm uniform movement then depends on the composi;t:iiou 
of the mixture (presumed to be at atrnosplieric tempera.tiire and 
'pressure), and on the diameter of the tube in which it is contained 
(see p. 1051); above a certain (small) diameter tli© material of 
which tlie tube is made does not appreciably affect the speed of tlie 
flame. With a' tube of given diameter the speed of the uniform 
movement of flam© in a mixture can be regarded as a definite physi¬ 
cal constant for that mixture. 

Following Yicaire (Ami. Glmn. Phys,^ 1870, [iv], 19, 118), Mal¬ 
lard and L© Chatelier {Ann. des Mines , 1883, [viii], 4, 274) put 
forward theoretical considerations resiDecting the transference of 
heat during the burning of gaseous mixtures, from which it slioukl 
be possible to deduce the speed of the flames during the uniform 
movement, as follows. 
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Sn,})]K)se tlie ilameio he propagated in a tube of luiiforiii cross- 
section Idled with, the combustible mixtui^e at an initial teiii|>e.ra- 
tiire (I At a given moment duri,ng the propagation the layer,” 
A (Fig. 1), becomes inllained. The mass of burnt, gases which fills 
the tube behind A is at a temperature. the combiistioii-tempera- 
tureA which can be calculated. The layer ‘of gas immediately in 
contact with A and in front of it is at the ignition-teimperatiire, 
of tlie mixture, or, rather, at a temperature infinitely close to t. 
The successive layers in front are at temperat-nres gradually decreas™ 
ing from t to 0. The layer A. itself must he at a temperature, T', 
liigher than T, for at the moment when it was infiamed it had 
already been raised to t. If we neglect the variation in tlie specific 

Fig. 1. 


t' 



heats of the gases between T and T^, and assume 0~-A)^ theii 

A,t the moment of inthunmation of the layer .*1, of thickness cf.v, 
tlie distribution of temperatures in the tube can be represented as 
in Fig. 1, in winch beyond d a gradual levelling of temperature 
from to T is shown. At the end of an infinitely short time, dr, 
the layer AJ, of thickness ds next to. the layer /I, becomes in;fiaiBed 
in its turn and the wiiole diagram advances thro-ugh a distance dn. 
For tlris to take place the fi'ont part of the tube must gain a quan¬ 
tity of lieat represented by the infinitely small area which is 

equal to tlie'rectangle AAHtA This quantity of heat is that neces¬ 
sary to raise the temperature of the layer of thickness ds from B to 
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/ ; it is tlierefore equal to e^(f — <•' being tiie specific beat of tli(3 

biiriling or just burnt gases. 

Tlie qiia,iitity of lieat lost by the hinder part of the iul.)e must 
balance tiiat gained by the front part. Now the layer /I t!mi 
gives up its heat in front is at a temperatui^e and is between a 
layer at a temperature f and one at T. Tlie quantity of heat given 
up b}^ ill unit time Avill therefore be a function of 7’ and A and 
can be stated thus: 

whence we obtain for the speed of propagation of flame: 


v = dsidT^F(TF)l€'(t-e) .( 1 ). 

The exact form of the function F(Td) cannot readily be deter¬ 
mined. However, one can presuiiie that it is proportional to the 
coiiductibility, L, of the unburnt gas; and one can state tliat it. 
becomes zero when and for that value of T only. It would 

seem that when the temperature of combustion, T, exceeds the 
temperature of iiiEainmation, t, the heat necessary for the inflam¬ 
mation of a layer can be transmitted integrally. We can therefore 
put the expression for v in the form: 

G\i - $) 


( 2 ) 


and it may be that F{Td) is a constant. 

The only point open to criticism in this otherwise lucid reasoning 
is that which attributes to the ''layerof gas that is actually 
burning a higher temperature {T^) than it would attain if it burned 
without previous heating to its ignition-teinperatur© {t). Mallard 
and Le Chatelier found confirmation of this view in the observation 
by Gouy {Ann. CMm. Phyfi.y 1879, [v], 18, 1) that, as judged from 
photometric measureiueiits, the surface of the bright green inner 
cone of a Bunsen flame is the hottCvst path of the flame; for the 
surface of this inner cone is tlie " burning layer” uf a stationary 
explosion, the rats of propagation of fianie downwards in tlie mix¬ 
ture being equal to the rate of flow of the unburnt gases upwards. 
Gouy showed tliat there is a simple relation between tlie area of 
surface of the inner cone, the rate of flow of the mixture, and the 
speed of propagation of flame therein; and Michelson {Ann, Fhys, 
Cheni.^ 1889, [iii], 37, 1), who adopted in toto Mallard and Ij© 
Chatelier^s theoretical considerations, and at a later date Maclie 
(Ann. FJiysih,^ ,1907, [iv], 24, ’527) used this relation to determine 
the " normal ” speed of propagation of flam© in a number of 
■gaseous mixtures. 

Haber and Eicliardt {Zeitsch, anorg, Chem., 1904, 38, ,5), how¬ 
ever, s’liQwed by actual thermo-electrical measurements that the 
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giirface of the' inner cO'iie of a Bunsen flame is not the hottest part 
of the flame, and concluded that its brightness is a phenomenon of 
iuniinesceiice. Further, they denied the possibility of the burning 
layer during the uniform movement in the propagation of flame 
along a tube attaining a higher temperature tliaii it would if it 
were heated merely by its own lieat of radiation, for the reason 
tiiat while it is burning it must lose to successive layers as much 
heat as it gained from earlier burnt layers. Haber and Ricliardh’s 
argument is summarised in tbe following quotation from their 
paper (p. 55): 

Die Vorwarmxmg eines explosiblen Gasgemenges erliolt die 
Verbreniiiingstemperatur, wenn sie auf Ivosten der Warme des 
rerhrannten Gases erfolgt (Regenerativsystein, Ofen der Gasan- 
stalten ii.s.w.), aber sie erholt sie niclit, wenn sie auf Kosten der 
Warme des ve^'hrennenden Gases erfolgte (Flaimne, Explosion), denn 
da das Gebilde, welches die Vorwarrnung bewirkt, soviel Warme 
abgibt, als das vorgewarnite aufnimmt, so kaiin Temperatur- 
gteigeniiig durch Vorwarrnung nur eiiitreten, wenn die Warme- 
abgabe dem Temperaturaiisteig zeitlich nachfolgt und niclit, wenn 
wie iliii ])egleitefc.” 

We consider Haber and Ricliardt’s view to be the correct one. 
M!allard and Le Chatelier's equation (2) is, however, affected only 
as regards the magnitude of the function F{T,t), which is, in any 
event, indeterminate. The important deduction from the equa¬ 
tion is tliat, in mixtures that have the same conductibility for heat, 
the speed of the flame during the uniform movement should be 
directly projiortional to 7^ —if, and inversely proportional to — 

The effect of variation in the conductibility of the mixture on 
the speed of the uniform movement of flame iwS well shown with 
mixtures of liydrogen and air (Flaward and Otagawa, T., 1916, 
109, 85). The 'fastest speeds are obtained with mixtures contain¬ 
ing from 3'8 to 45 per cent, of hydrogen insteU'd of with the mixture 
that contains hydrogen and oxygen in combining proportions and 
has tiie highest temperature of cO'inbustion. The tliermal conduc¬ 
tivity of hydrogen is 3F9 x lO”'"'’, compared with tliat of air, 
5*22 X and, avS already stated, the mixtures in which the 

s])'eods 'Of the flames are fastest contain between one-tlurd and one- 
half their volume of hydrogen. When the combustible gas has a 
tliermal conductivity more nearly approaching that of the air with 
which it is mixed, and when it forms but a small proportion of the 
mixture, as with methane, the influence of thermal conductivity on 
the speed of pro'pagation of flame can be neglected or rega'rded as 
constant. 

If also be re-garded as constant over the range of temperatures 
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eoiiceriied, t1ie speed of the uniform moveinent of lla-ine in uiixiiires 
siiivli as those of oicUiaue witli air should lie 'propori-iDiia,!. tn 
T — if t/ho uniform movemeiitl indy ,represents iho tra/iisfer- 
once of heat by eoiKluciion. In order to ol)iairi da.t:i wlierelsy to 
test this coiicIuBiou, ami to olueiflale the mdiiire of the |'>h}aii<nl 
constant which we regard tlie uniform nioviuucmt of Oame to be, 
we have detfuinined tlio speeds (in a tube 5 cm. \n diameter) in a. 
number of liiixtures of methane, oxygen, a,ud nitj'ogen, of which 
we liave also rietenninerl tlie relative iguiiion-tom'ixuaitures and of 


Fia. 2. 



which the theoretical combustion-temperatures have been calcu¬ 
lated. 

The lesnlts are shown in Fig* 2, which, apart from the problem 
until which we are now concerned, is of interest in showing the 
effect of reducing the oxygen content of the air on. its ability to 
support the combustion of methane. In the topmost curve the 
speeds of the flames are plotted against percentages of metliane in 
atmospheric the curve below was obtained with an ''atmo- 

^ This curve, wliich is reproduced also in Fig. 3, is constructed fr-otu t-ho 
figures given by Wheeler (T., 1914, 105, 2900) after applying a, eorrerttion 
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.sphere’’ coiitaming 20*60 per cent, of oxygen; then follow in suc¬ 
cession curves ohtained with atmospheres containing 18*85, 17*60,. 
and 15*05 per cent, of oxygen respectively, tlie percentages of 
methane in each instance being percentages in the particular 
''atmosphere."” (For example, the 7 per cent, methane mixture 
with the 15*05 per cent, oxygen '* atinospliere ” had the following 
composition: inetliane, 7*0; oxygen, 14*0; nitrogen, 79*0 per 
cent.) 

It will be seen that the speeds of all the limit mixtures (in whicb 
a balance is struck between tli© heat generated on combustion and 
tbe heat required to start combustion) are the same. The calcu¬ 
lated ratios — B for each liinit mixture are, liowever, not the 

same, being greater by about 50 ])er cent, for the higlier limit mix¬ 
tures tlian for tlie lower. 

Calculation of the tlieoretical ccmbustioii-teniperatiires of the 
mixtures is conipai'atively simple so long as they contain sulTicient 
oxygen to ])urn the methane completely. "When the oxygen is in 
defect it is necessary to take into account the meelianism of com¬ 
bustion of methane. This, in accordance with Bone's researches 
on the slow conilmstion of methane, and as Burgess and Wheeler 
found in their experiments with '•limit'"’ mixtures of metliane, 
oxygen, and nitrogen (T., 1914, 105, 2596), involves, as the reac¬ 
tion essential to the pro])agation of flame, the formation of carbon 
]'iionoxide, hjxirogen, and steam in equal volumes, according to the 
scheme: 

(CJH,(V) 

OH^ + O, = CO + H^ + HjO. 

Following upon this reaction, the carbon monoxide and hydrogen 
are burned, |>ractic.ally completely to carbon dioxide and steam if 
the ratio O 2 /CII 4 is 2*0 or greater; or, if the ratio is less than 2 * 0 , 
|)roportionally to the oxygen-concentration. Analyses of samples 
of ilie burnt ga.ses tsiken during tlie propagation of flame, before 
their cooling enaljled the water-gas reaction to come into |)Iay, 
showed that with, the mixture containing the lowest ratio, 

(namely, 1*20 for the higher limit mixture with air), tlie propor¬ 
tion of the meldiane hurned completely to carbon dioxide and steam 
was nearly 38 per cent.; wliilst the proportion so burned increased 
regularly with, the ratiO' to^ just over 99 per cent, for mix¬ 

tures witli a ratio 2 * 0 . 

that was foiitid to be necessary by reason of the fact that th(^ “ standard 
l-secorKls clock used for the determinations recorded 50 se^conds per inimite 
instead of' 60. The speeds given in Wheeler’s paper, although relatively 
correct (the paper dealt only with the relative speeds) are there,fore too high 
by oiie-sixtb. 
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The relative igiiit;ion-'t.om]>eratures of the mixtures wc^re deier- 
riiiiierl in a iiiaiiner wliicli will be describetl ia a sii'bsecpieiit |)a|)er. 
It was found tliat,, over the range of mixtures covered by the. ex peri- 
inents now described, tliere was a iiearl}?' 1 ‘egnlar increase in tlie 
igiiitioii-temperatiire as the ratio Oo/CIIi decreased. The relative 
igiiitioii-teniperatures can be regarded as ranging from 650® for a 
mixture containing 5*5 ]>er cent, of methane i.n air to 700® for one 
containing 14*5 per cent. 

When the ratios T — tjt-^d for all the mixtures comprised within 
the curves sliowu in Mg. 2 are calculated, it is found that Mallard 
a/iid Le Cliatelier’s equation (2) bolds very closely so long as the 
oxiygen in the mixtures is in excess; that- is to sa.y, so long as it is 
possible for the coinbiisiion of the methane to be. cjirricd rapidly to 
eojupletion. 'When the combustion is incomplete, however, tlie 
ratio is, in general, higher than tlie spe«l of the uni¬ 

form. movement of flame in the mixture refpiires. It. 'becomes, as 
already stated, markedly high for the upper .limit mixtures. 

The natural inference to be drawn from this result is tluit there 
is an enlianced radiation loss througli the walls of the tube during 
tlie propagation of flame in mixtui'cs containing excess of methane, 
presumably because the process of combustion of siudi of tli§ 
methane as burns is more protracted tlian when excess of oxygen is 
|>reeent, and the reacting molecules i*einain for a longer time in 
a condition of vibration sucb ns to enable tlieiu to emit radiations. 
This presumed protraction of tlie process of combuation (of which a 
long, luminous tail behind the flame-front in mixtures containing 
excess of methane is perhaps evidence) would prevent the ati'.ain- 
ment of the calculated combustion‘■temperature.’'’ It is, in fart, 
evident from tliese experiments tliat little meaning aiiu.clies to tbe 
usual calculations of combustion- or flame-temperairureB, if only for 
the reason that the effect of the loss of energy by radiation, and tli* 
variations in that loss dependent on the duration of cliemical 
change during oonibustion,^ are not taken into aecxjaint. 

The Influence of the Diameter of the Tube on the Speed of the 

Uniform Movement of Flame in Mixtures of Methane and Air, 

According to Mallard and, Le Chatelier, cooling of the hot gases 
by the walls of the tube does not appreciably affect the speed of 
the flame when the, diameter is sufficiently great, for the following 
reasons: The quantity of heat withdrawn from the burning gases 
hy the walls of the tube is proportional to the perimeter, 2nf\ of 
the tube; to the, difference between the temperature of the gase« 
and that of the tube, T — B; and to a coefficient of conductibility, K 
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Tii6 mass of the burnt gases is proportional to and to the speed 
of propagation of the ilame, v; so that, if Q be tlie heat of coin- 
biistioii and c tlie^ specific heat of the burnt gases, 

whence -h QI (c + k jrv ). The temperature T will not be inateri- 
aily affected when kjrv is negligible compared with c; that is to 
say, when r and v are sufficiently great. 

For their experiments with mixtures of methane and air, Mallard 
and Le Chatelier used glass tubes 5 cm. in diameter, which they 
considered to- be sufficiently large to overcome the effects of cooling 
by the walls even with the most slowly moving flames. This we 
believe to be correct, for there is not much difference in speed in 
tubes from 5 to 10 cm. in diameter, whereas when the diameter 
of the tube is only 2*6 cm., the speed is reduced by about one-third. 
Cooling by the walls thus interferes with the nieasiireiiient of the 
true speed of the uniform movement of flame in mixtures of 
methane and air unless the diameter of the tube exceeds about 
5 cm. When, however, the diameter is increased above 10 cm., the 
speed of the flames is affected by the coming into play of another 
factor, namely, convection. 

The influence of convection currents is noticeable with the fastest 
moving flames in tubes 10 cm. in diameter, the visible effect being 
a turbulence of the flame-front. So far as can be judged by eye, 
the turbulence is essentially a swirling motion in a direction nearly 
normal to the direction of‘translation of the flame-front, which, as 
in tubes of smaller diameter, progresses, at a uniform speed for 
about 150 crn. before backward and forward vibrations (the 
'Wibratory movement are set up. This swirling motion appears 
ah mitioj and is due to rapid movement of the hot gases from 
below upwards by convection. In tubes of comparatively small 
diameter (5 to 9 cm.) this rapid movement is suppressed, although 
the shape of the flame-front shows that there is a deflnite movement 
of the hottest gases towards the upper part of the tube (see T., 
1914, 106, 2609). 

Wo have deter mined the initial uniform speeds of the flames 
over the whole range of inflammable mixtures of methane and air 
in tubes 2*5, 5, 9, 30*5, and 96*5 cm. in diameter. The results are 
shown graphically in Fig. 3, in which the speeds of the flames are 
plotted against percentages of methane in air. If for any given 
mixture, say 10 per cent, methane, the speed of the flame is plotted 
against the diameter of the tube in which it travels, a curve such 
as those shown in Fig. 4 is obtained. From these' curves it is clear 
that in tubes of less than 5 cm. diamete the speed of the flame is 

fOL. OXL T X 
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reta-rfknl IVy i.lie cooling olTeci of ilic wails. Tn tri’I>cs of 
Oiaineteig ’however, from 10 cm. iipwarOs, iin^ speed of i'he ll;ririe is 
prop'OrisionaJ 'io (lie diainelvr of iiie ijiibe. 

Til© in life nil nuwenieuiv’'’ of flame as cledncd by Maiiiird and 
Le Ciiafcelier (tlia;b is, ''‘le mode do propa-gaiioii par fajiirliictil'dlite’’) 
is thus a sti'icily limited phenomenon obtainable only in tidies 


Fig. ,1. 



within a certain range of diameter, large enough to |,vrevent 
appreciable cooling by the walls, bnt narrow enough to- eiippress 
the influence of convection currents. The initial speed of flame in 
mixtures of methane and air is uniform also in tubes of large 
.diameter—the flames travelled at a sensibly iiniforin, speed over a 
distance of 10 metres in^a tube 96*5 cm. in diameter and 44 metres 
lopg—but, as we have shown, this imifomi movement does iio-t 




speed of miiform movement of flame in mixtures 
of methane and au\ Cm. per second. 


durikOt the propagation of flame. 
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result from tlie normal transference of Ixeat from layer to layer of 
tlie mixture by coridiictioii. 

When speaking’ of the uniform movement of 11ame in gaseous 
niixtiiresj it is necessary, therefore, if Mallard and l^e Chatelier's 
dcliiiitioii be accepted, to specify the diameter of the tube in which 
the mixtures were contained. Alternatively, the initial slow 
uniform movement can be regarded simply as a particular phase 
in the propagation of flame that results when ignition is effected 
(in a quiescent mixture) at the open end of a straight, horizontal 
tube of any diameter closed at the other end ; and not as resulting 
from a particular mode of heat transference. 


Fig. 4. 



Experimental. 

The method of recording the speed of the flames, and the general 
mod© of procedure for the experiments in glass tubes, have been 
described by Wheeler {loc. cit,, p. 2610). The method was essenti¬ 
ally that of registering’ on a chronograph the times at which fine 
screen-wires of,copper (0’025 mm, in diameter), through which an 
electric current was passing, were fused as the fame reached therm 
We may add tO' the description already given the detail that the 
electric curre,iit passing through the screen-wires was' sufficient to 
raise them nearly to red heat. This arrangement ensured the 

T T 2 


Per cent, methane. 
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rapid melt.iTig of tlio wires as soon as t'hc flaiuo touched tlioin, aJid 
tlierefore g’::ive very onifo'rm resuU.s; wires made from iiict;ils or 
alloys of low' melting point., wliicli, eoidd not 1)0 drjiw'n so line or 
oi‘ so iiirifonn a diameter as copper, were ioinul iiO !)e uriSfiiiS' 
factory. 

For tlie •experimenls in tiie larger tubes (rJlbF) and 9{b5 ein. in 
diameter respectively), wliicli were of mild st.ee!, ill© screen-wires 
were mounted on supports of brass wire reaelniig nearly to tlie 
liorizoiital axes of. tbe tubes and fixed, tbrongli screwed-iii plugs of 
viilcaaiite, 50 cm. apart along the length of each, the fii’st screcm- 
wire being 50 cm. from the point of ignition. 

Tbe tube of 30’5 cm. diametei* was 15*24 motres long. It wjiw 
filled with til© required mixture, which had previously been pre¬ 
pared ill a gas-holder of 42*48 cubic metres capacity, by displace¬ 
ment of air, six times the volume of the tube being taken for dis-* 
placeiiieiit. Samples of the mixture for analysis were taken from 
the gas-holder and from near the open end of the tube just before 
ignition. The analyses always closely agreed. 

The tube of 96*5 cm. diameter was 44*25 metres long and wuis 
provided with a by-pass tube 15*24 cm. in diameter running its 
whole length, and fitted at either end with valves, which were 
closed during an experiment. A motor-driven fan was included 
in this by-pass connexion, and served to circulate the contents of 
both tube and by-pass when making the mixture of methane and air 
required for an experiment. . The mixtures were made by passing' 
into the tub© a measured quantity of in ethane from a storage 
holder, displacing an equal quantity of air, ani circulating the 
contents as aforesaid during two hours, the end of the tut)© fit 
which the mixture was to be ignited being tempcu'firi'ly cIohimI 
during this operation by a gas-tight cover of wood. SaJiiples of 
the mixture for analysis taken front both ends of th.o tulie 

before -each experiment; no appreciable difference was found 
between the compositions of samples of the mixturo at either ciul 
of the tube. 

For all the exp-eriments, includiog those in the glass tubes, the 
methane used was from a blower of firedamp in Soritli Wales, 
whence it was obtained compressed in cylinders. It contained no 
appreciable impurity other than between 2 and 2| pei* cent, of 
nitrogen. 

Ill the opening paragraphs of this paper we indicated some of 
the conditions necessary to ensure the obtaining of the uniform, 
movement of fiame. One of the essential conditions is iliat igni- 
, tion should be effected at or within 3 or 4 cvi, of the open end of 
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ilie lube. This is particularly necessary with narrow tiibeSj other¬ 
wise, it the point ol* ignition be some considerahle distance within 
the tube, llame travels ifi both directions from the point ol ignition, 
and the disturbance caused by the flame travelling towards the 
open end affects the flame travelling towards the closed end. The 
result is that a vibra.l:ory motion is imparted at the outset to the 
Hame, and records of the speed of the dame travelling towards the 
closed end show iu consequence wide variations from one experi¬ 
ment to another with the same mixture. 

For example, the following records were mad© of the speed of 
flam© in a mixture of iriethaiie and air coiitaining lO'OO per cent, 
of methane. A tube 5 cm. in diameter and 5'2 metres long was 
used. In one series of experiments, the point of ignition was 4 cm. 
from the open end of the tube and in another it was 17 cm. The 
speeds were measured between two screen-wires 50 cm. apart, the 
first screen being 40 cm. from the point of ignition. Ignition was 
by a secondary discharge across a 3 mm. spark-gap, using a 
‘hhinch” induction coil with a current of 2*5 amperes through the 
primary circuit. 


Speed of VMorcvienfS Cm. per second. 



Point of 

Point of 


i,£!fnition. 4 ein. 

i,i>nition 17 cm. 


from open end. 

from open end. 

1 . 

. 93-3 

88*0 


. 9b7 

9,1-3 

a. 


88-8 

4 . 


87-2 

n . 


80-9 

(]. 


90-3 

7 .. 

. 91-7 

94-5 

8 .. 

. 91-0 

83-3 

9 . 


86-2 

Mean ,.., 

........ 02-0 

87-8 

Vairiation 

4" 1-2 



-- M) 

--G'9 

iSiinilarly, with a 

glass tube 2'5 cm. 

in diameter, when ignition 


of a mixture of methane aud air containing 10’25 per cent, of 
inetliane was efl’ectod at a point 15 cm. from the open end, vibra¬ 
tions were set up immediately in the llame travelling towards the 
closed, end, and wide variations were obtained iu the records of 
speeds, as follows: 
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S’pi'rd of U)vlf())'n> xMove.menf(Un, per eceoruL 

IVsint of Point, of 

4 cm. 15 cm. 

from open eiul. froxn open onil. 


I... or,. 5 r>0'i 

!!• . 05-5 50-0 

3 . GO-2 52*5 

4 —.. (;r).5 57*0 

Moan . (i;>.7 54*0 

Vai'iation . -I-O'S 4-4-5 

-■0-2 --4*{'5 


Apart from tlie wide variations in tlwi recoi'ded speeds when the 
point of ignition is too far within the tube, it will be seen tlnit the 
mean of the results shows a slower speed tlian wlieii the point of 
ignition is properly placed. The reason for this is that the fiaine 
that travels towards the open end acta as a drag on tlie llama 
travelling towards the closed end. In general, unless care be taken 
to avoid causing disturbance of the mixture at the inonient of 
ignition, the records of speeds of flames obtained are of doubtful 
value. 

Another matter that requires attention is the possi]}ility of any 
additional impetus given to the flame by the source of beat used 
to cause ignition aflecting the recorded speed. This can be avoided 
by allowing the flame to travel a distance of 30 or 40 cm. before 
reaching the first screen-wire (see T., 1914 ,105, 2610). When 
this precaution is taken, the intensity aticl size of the source of hen.t 
used to ignite the mixtures can be varied considerably without 
affecting the measurements of the speeds of the Oaines, as the 
following experiments illustrate, 

A glass tube 2'5 cm. iti diameter and 5 metres long was nscnl, 
and the speed of the uniform movement of flame dei'.ermined in a. 
series of mixtures of methane and air. The mixtures were ignited 
by (i) secondary discharge sparks from an *‘8-incli’’ X-ray coil 
with a current of 5 amperes through the primary circuit; 
(ii) secondary discharge sparks from a iinch ' coil with a current 
of 2*5 amperes through the primary circuit; and (iii) the flame of 
a taper. The point of ignition was 4 cm. from the open end of 
the tube when sparks were used; at the open end when the taper- 
flame was employed. 'The first screen-wire -was 40 cm. from the 
open end of the tube. 
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Speed of Uniform, Move^nentU Cm. per second. 


Methane. 

Ignition by 
“ 8-ineh coil. 

Ignition by 
4-mch ” coil. 

Ignition by 

Per cent. 

ta.per. 

7*10 

37-0 

37-3 

36-6 

7*80 

47-0 

47-7 

47-5 

8*05 

51-0 

52*5 

52-1 

S*60 

57-3 

58-0 

58-7 

9-10 

64-6 

64-0 

64-4 

9*50 

66-6 

68*3 

66-6 

0*95 

66-2 

67*8 

65-5 

10-25 

05-5 

65-5 

6(>-2 

10-55 

01-0 

61*8 

61-5 

11-60 

46-7 

47-5 

47-9 

12-25 

35-0 

35-1 

35-0 


It will be seen tliafc for any of the mixtures tlie recorded speeds 
did not sliow any abnormal variations traceable to the means of 
of ignition employed. 

[Received, October 1917.] 


XCin. —The Hydrolysis of Sodium Cyanide. 

By Fredebick Pallisee Woblev and Vebe Rochelle Browne. 

In tlie extraction of gold by the cyanide |)rocess, tbe degree of 
bydrolysis of tlie sodium cyanide at the dilution employed is con- 
vsiderable, and any investigation of the chemical actions which 
occur in this process involves an accurate knowledge of the degree 
of hydrolysis of the cyanide in solutions' of different concentra¬ 
tions. In an investigation of the chemical actions occurring in 
the dis.solution of gold by solutions of sodium cyanidej the results 
of wliich will be published in a sjubsequent paper^ it liaS' been 
shown that tlie degree of hydrolysis of the cyanide is a most 
important factor in the rate of dissolution of the gold. The 
present paper deals with the degree of hydrolysis of sodium 
cyanide in solutions of widely different concentrations at tempera** 
tures from to- 30°. 

The method eniployed is so simple that it would form a useful 
exercise for students of physicai chemistry. It consists in com¬ 
paring the concentrations of hydrogen ' cyanide vapour above 
solutions of sodium cyanide and of hydrocyanic acid by drawing 
the vapour through a solution containing 0*2 jier cent, pf picric 
acid and 2 'per cent, of sodium carbonate. The ■ intensity of' the 
reddish-brown colour produced in the indicator solution Varies 

VOD« 0X1/ U U 
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WOBLEY ANB BIIOWNE : 

rajiicll)/ will'll ilie cjoiw"o.iii'!.‘aijuii of i.lio liyclrogoii cya.iiitle in i'hn 
■vapoiir, fUh'l l>y c(nj]pa,ri!ig tlio colotirH. ])ro(liieed wlien a Btroani 
of iiir pa,sues Uiroiigli a series ot solutions of soditim cyanide of 
one coiieeiii.raiioii a’lteriiai.ing vviiii. solutions of liydrocyanic a-eid 
of different ecsnceiitrrdvionSj i.he strengtli of Irydrogen cyanide sohr- 
lion can lie round wMcli has the same hydi'ogen cyanide vapour 
pressure ;rs tlie sodium cyanide solution. 

E X B E K I M E n T A L. 

Tlie sodiiiiii cyanide was freshly prepared, and in order to 
as(‘;erta.iii that iu> apprecialde amount of free sodium, hydroxide 
wars present, ft sfunple was dissolved in water and titrated for 
cyanide with a standard soluiioii of silver nitrate, and for alkali 
with standard hydrochloric acid, using metliyhorange as indicator. 
The hydrocyanic acid was prepared immediately before use and 


Fig. 1. 



of the strength recpiired by adding an tupiivaleirt amount of 
hydrochloric acid to a solution of sodiimi cyanide. 

In each experiment, two concentrations of hydrocyanic a.cid 
were employed, one of which had a higher hydrogen cyanide 
vapour pressure than the hydrocyanic acid solution and the other 
a lower pressure. The solutions of cyanide and of liydrocyanic 
acid were contained in 300 c.c. flasks and the indicator solutions 
in test-tubes, 10 c.c. of the indicator solutions being used and 
about 100 c.c. of the other solutions. The flasks and test-tubes 
were arranged as in Fig. 1, a test-tube containing sodium hydr¬ 
oxide solution being placed at the beginning in order to remove 
carbon dioxide. 

In 'a preliminary experiment, the diflerence in eoiicentration ‘ 
between the two acid solutions was considerable, thereby giving 
an indication of the approximate strength required in order to 
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iiiaixli the cyanide solution. In subsequent experiments, the 
difference in concentration could be made very iiiiicli smaller, still 
allowing the intensity of colcnir produced by the cyanide to be 
intermediate between those produced by the two^ acid solutions 
or to coincide with one of them. Thus the concentration of 
liydrocyaiiic acid which had the same hydrogen cyanide pressure 
as the cyanide solution was determined within very narrow limits. 

Air was drawn through the flasks at the rate of about one 
bubble per second. 

At the higher temperatures, the apparatus was kept in a 
constant-temperature air-chamber electrically heated and electric¬ 
ally controlled, and at the lower temperatures in water at constant 
temperature or in melting ice. The temperatures employed were 
0°, 5^ 10^, 15^ 20^, 25 and 30^. 

Possible Sources of Error. —(1) By jflacing two indicator tubes 
together in series, it was found that the whole of the hydrogen 
cyanide was ahsoihod in the first, no perceptible change of colour 
being produced in the second. Thus one indicator tube after each 
flask was sufficient. 

(2) The amount of hydrogen cyanide removed from the solu¬ 
tion was found to be too small to affect the concentration or degree 
of hydrolysis of the solution. This was shown hy measuring the 
degree of hydrolysis of the same solution of cyanide a second time, 
using fresh solutions of hydrocyanic acid, the result in the second 
case being the same as in the first. 

(3) The possibility of error due to the slight pressure gradient 
in the series of flasks was avoided by placing the cyanide solution 
between the two' acid solutions. By reversing the order of the 
two acid soliitions, placing the stronger after the cyanide in one 
experiment and before it in another (the same strength of solu¬ 
tion being used), no pei'ceptible difference was observed, showing 
that the slight pressure gradient was negligible. 

(4) In order to ascertain whether the effect of the noxi-liydro 
lysed sodium cyanide on the vapour pressure of the free hydrogen 
cyanide was of importance, experiments were carried out in which 
the hydrogen cyanide vapour pressure of hydrocyanic acid solu¬ 
tions containing sodium chloride was compared with that of solu¬ 
tions containing no salt. The presence of even large quantities of 
salt had no perceptible effect on the amount of hydrogen cyanide 
removed by the air, and it was consequently judged that the effect 
of the sodium cyanide was negligible. 

EesuUs ,—Prom the equation 'expressing the hydrolysis of 
sodium cyanide, 

NaCN + H^O = NaOH + HCN, 


U 'U 2 



lOBO WOELEY Y-ND EROWN'I^*. 

it is o)3vioiis in, the presence of a large excess of waior tlie 
relationsliip between the coiiceutrations of the viirioiis coiiipoiiridH 
slioiild be expressed by the mass-action equation 
[NaOH][HGN] ^ 



and also that this relationship should hold in the presence of 
excess of either sodium hydroxide or of hydrocyanic acid. In the 


l^IG. 2. 



0 S / J / 6 

Onbe roots oj coyicmU'ations, 


absence of excess of alkali or acid, if € is the concentration of the 
total sodium cyanide and F the percentage hydrolysed, then 

P^C ^ 

100(100 ™ P) * 

Experiments were carried out at 25^ on the hydrolysis of sodium 
cyanide at a number of concentrations from 5'2 to 0'0()725 gram- 
molecules per litre', and at a concentration of 0’0435 in the p'resence 
of, different amounts of sodium hydroxide and of hydrochloric 
acid* In the latter case, it is obvious that an excess of hydro¬ 
cyanic acid equivalent to the hydrochloric acid was liberated. 
The results of these experiments are shown in tables I and II. 
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Table I, 


Grain-molR. 
o! NaCN por 
litre (C). 

TemperaUii^e, 25®. 

Percentage 

hydrolysed 

{P). K X iOh 

P 

(ealcLilated). 

5-20 

0*30 

0*47 

0*303 

2‘CO 

0*425 

0*48 

0*429 

1-00 

0*70 

0*49 

0*692 

0*325 

1*25 

0*50 

1*21 ^ 

0*163 

1*75 

0*49 

1*70 

0*0813 

2*5 

0*50 

2*40 ‘ 

0*0435 

3*3 

0*49 

3*27 

0*0290 

4*0 

0*48 

3-99 

0*0145 

5*5 

0*47 

5*69 

0*0073 

7*75 

0*47 

7-82 


Muaii 0-484 


Table II. 

0'0435 Gram-moh. of NaCN fer litre. 


Gram-iriols. of 

NaOH per grani.- 

Pereentago 


mol. of NaCN. 

hydrolysed. 

K X 10' 

1*00 

0*11 

0*48 

0*50 

0*225 

0*50 

0*25 

0*45 

0*60 

0*01 

2*8 

0*47 

Cram-inols. of 

HCl. par grani- 
moL of NaCN. 

0-4 

40*175 

0*49 

0*3 

30*25 

0*47 

()'2 

20*45 

0*48 

0-1 

10*9 

0*47 


Mean 

0*483 


In tlie last column of table I is given the percentage of hydro¬ 
lysis calculated from the mea.n value of the constant. It is obvious 
ill at there is no perceptible variation in K beyond that due to 
ex|jerini;ental error, and that there is remarkably little difference 
between the degree of hydi'olysis found by experiment and that 
calculated from the mean value of /l. 

In Fig. 2, the curve expresses the calculated degrees of' hydro¬ 
lysis and the circles the experimental values, the abscissas being 
the cube roots of the concentrations in order to produce,a flatter 
curve. The effect of temperature on the value of the constant was 
found from experiments carried out at intervals of 5*^ from 0® 
to 30®, Fewer concentrations were used than at 25®, at some 
temperatures only one concentration being employed. The results 
are given in table III, the i^elationslup between the tempera- 
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tiire and the 
ill Eig. 3. 

mean values of K being shown 

Table III. 

in the form 

of a curve 

Temperatiire. 

0. 

P. K X 10‘. 

(Mooiii) 

00 

0-550 

0-50 

0-14 

0-135 

— 

0-0435 

1*75 

0-13 

___ 

5 

0-550 

0-53 ‘ "r ' 

0-15 

0-15 

10 

0-550 

0-54 

0-16 

0-16 

II 

0-550 

0-00 

0-20 

0-20 

20 

0-325 

0-90 

0-27 

___ 

— 

0-0435 

2-6 

0-28 


— 

0-0145 

4-25 w-. 

0-27 

0-27 

— 

0-0030 

8-0 

0-25 


25 

Taljle i 

— 

0-484 

30 

0-325 

1-5 

0-74 


■— 

0-0435 

4-0 

0-72 

0-72 


0-0145 

0-75 

Fxa. 3. 

0*71 




From tliese results, it is possible to calculate the degree of 
hydrolysis of solutions of sodium cyanide of coiicentratioiia up to 
6‘2iT at any temperature between 0° and 35°, 

UHIVEBSITY COLLEOIiI, 

AtTCKOANf) [Received, September Mthp HD7.] 
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XClY.~~rhe IMys^dphides of the Alkali Metals. Part 
III. The Solidifying Points o f the Systems, Sodium 
Mo7iosiil2jhi(Ie-Sulq)}nm% and Potasskmi Mono- 
sidph ide-Sid2Am7\ 

By John Smeath Thomas and Alexander Bule. 

The formation of poly sulphides, by the action of sulphur on 
alcoholic solutions of the anhydrous hydrosulphides of sodium and 
potassium has previously been investigated and clescril^ed by the 
authors (T., 1914, 105, 177, 2819). By means of this reaction, it 
was found possible to prepare sodium tetrasulphicle and potassium 
pentasiilphide in the pure and anhydrous form, Init it was observed 
that when attempts were made to utilise it for the preparation of 
other poiysiilpliides of lower sulphur contesit, the above-mentioned 
compounds, contaminated to a greater or less extent with the 
corresponding hydrosulphides, were always obtained. This result 
is in general agreement with the work of Bloxam (T., 1900, 77, 
753), ‘ 

By measuring the quantitie.s of hydrogen sulphide evolved when 
known weights of the hyclrosulphides of sodium and potassiuin 
were treated in boiling alcoholic solution ■with varying amounts 
of sulphur, the present authors (loc, eit.) have shown that the 
reaction between sulphur and the hydrosulphides of the -alko.li 
metals, in solution, tends to the formation of on© polysulphide 
only; ill the case of sodium the tetrasulphide, and in the case of 
potassium the pentasnlphide. 

The only polysulphide of sodium that Bloxam succeeded in pre¬ 
paring was the hydrated eiineasulphide, to which he assigned the 
formula Na^SojMHoO, He described, however, a regular series 
of the potassiuru compounds, including an enneasiilphide which ho 
claimed to have isolated in the anhydrous stale. The queytion of 
the exivstence of enneasulpliides of the alkali metals will be dis¬ 
cussed later. It may, however, lie pointed out here that iho 
present authors have failed to obtain any aiich corn.pouiid either 
of sodium or potassium. Further, in view of the ease with which 
the polysulphides of tliese metals undergo hydrolysis, and taking 
into consideration the fact that Bloxam’s preparations were carried 
out in aqueous solutions, the purity of the anhydrous polysulphides 
described by him seems open to question. 

There is, however, considerable evidence o'f the existence, in 
aqueouS' solution, of a series* of .sodium polysulphides, from the 
disulphide to the hexasulphide, and possibly beyond, the work of 
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Kiister and Hel)erlai.n on i'liisi point being specially important 
(ZdUeh, afum/, (Jhein,, 1905, 43, 53; 44, 431). Tiiese authors 
found that tlieir results could only bo explained satisfactorily by 
assuming that the solxitions dealt with contained a mmiber of 
anions of the type vS^h in ecpiilibrinm with each 

other. 

The present investigation was undertaken -with the view of 
resolving* the present uncertainty as tO' the number and the relative 
stabilities of the solid polysulphides of sodium and potassium. 
Two main objects were kept in view. In the firvst place, it seemed 
desirable to* decide whether higher polysniphides of these metals 
than those which have been described can exist in the solid si.ate, 
and, secondly, the nature of the lower polysnlpliidcs and the ques¬ 
tion of the existence of intei’mediate com pounds required to be 
settled. The last-mentioned point is of especial interest in view 
of Bloxam’s conclusion (loc. dt.^ and T., 1895, 67, 277) that the 
eimeasiilphides of sodium, potassium, and ammonium can exist as 
stable compounds. 

In order to account for these intermediate compounds, Bloxam 
suggested that the polysniphides of the alkali metals really consist 
of solid solutions of sulphur in fundamental compounds of the 
type R 4 S 5 , and that therefore the general formula assigned to 
them should be R 4 SJJ, where m may be any whole number greater 
than 6 . In the case of rubidium and cesium, Biltz and Wilke- 
Ddrfurt {Zeitnch. anorg, Cheni.^ 1906, 48, 297; 50, 67; see also 
Be}\^ 1905, 43, 53), who' thoroughly investigated the polysniphides 
of these metals by a tliermo-analytieal method, found no indica¬ 
tion of the existence of the intermediate compounds requii’ed b}'^ 
this theory, and the ju’esent authors similarly have failed to con¬ 
firm the existence of such coin pounds of sodium and potassium. 
On the other hand, positive evidence has been ol)tainefl in sup|)orir 
of the simpler. general formula 

E X P E Fw I M E N T A L. 

The main portion of the experimental work described in this 
paper consisted of the determination of the freeang-point curves 
for the systems sodium monosulphide-sulphur and potassium niono- 
sulphide-sulphur. ''These curves were constructed in each case in 
two sections, the first consisting of that portion relating tO' mix¬ 
tures in which the percentage of sulphur exceeded that required 
foT' the formation of potassium pentasuipMde or sodium tetra- 
sulphide, ,as the case might be, the second dealing with mixtures 
intermediate in composition between potassium pentasulphide or 
sodium tetrasulphide and the corresponding disulphide. 
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III a .second series of experiments, the higher poly sulphides were 
heated in a steady stream of hydrogen, and the rate of desulpliur- 
isatio-ii was determined by weighing at regular intervals. During 
each period, of heating, the temperature was feept as nearly 
constant as possible, but it was regularly increased for successive 
periods. 

Fiiia.lly, in order to decide between the simpler formula 
and til© double formula advocated by Bloxam, molecular weight 
determinations were carried out in the cases of those compounds 
which could be obtained in the pure state. For this, the ebullio^ 
scopic method was employed, alcohol being the solvent. 

The hygroscopic nature of the substances dealt with made it 
necessary carefully to exclude moisture at every stage, whilst, 
owing to the ease with which they oxidise, all solidifyiug-point 
measurements had to be made in a stream of pure dry nitrogen. 
Frequently mixtures were obtained, especially when the composi¬ 
tion was not that of a compound, wdiich supercooled to a x*emark- 
able extent, and it was sometimes possible to keep these mixtures 
in the supercooled coiidition for several days at the ordinary 
temperature. The crystallisation of these supercooled mixtures 
was usually accompanied by considerable increase in volume, and 
it often took place so rapidly that the crucible, containing the 
mixture was shattered. 

Preliminary experimentvS showed that at temperatures above 
400'^ the fxxsed substances attacked glass to an appreciable extent, 
the disulphides being more active in this respect than the tetra- 
or the ' penta-siilphides. Except at much higher temperatures, 
they are,, however, all without marked action on glaxied porcelain, 
and vessels of this material were therefore used to contain them, 

For the determination of solidifying points below 300^, 'the 
apparatus nsod was very simple. It consisted of a weighed 
crucibl© of glazed porcelain in which the w'eighed substance, from 
15 to 20 grams in amount, was placed. The crucible was then 
lowered to the bottom of a hard glass tube, about 30 cm. long, the 
lower end of which was sealed. This tub© was clamped in a 
vertical position, and its upper end was fitted with a rubber 
stopper through which passed a thermometer, a porcelain stirrer, 
the exact weight of each having previously been determined, and 
two gaS“d©iivex'y tubes. One of these tubes just passed through 
the stopper, whilst the other reached almost to the bottom of tjie 
apparatus. By theii: means, the air was displaced by dry nitrogen. 
The mixtures were fused by heating the apparatus in an oil-bath, 
and a similar bath was used to maintain' a constant external 
temperature during solidification. 

IT XT* 
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III coiisecpieiice oi"‘ ilio lilgli Jiiclting poiuLs. oljnerV'ed in tlio region 
of ilie diHiilpiiides, it I'jccame neccsnary to employ a form of 
apparatus more suited to tlioir measurement tliaii tlie on© just 
described. An electrically heated arrangemont was finally 
adopted. 

Tills consisted of an internally glazed porcelain tub© of 
approximately 3*5 cm. in diameter and 50 cm. long, clamped in an 
upright position. A portion of this tube was wound with nickel- 
cliromiiiin wire; current from the lighting circuit was used, and 
loss of iioat by radiation, and oxidation of the wire were prevented 
by surrounding the wound section of the tub© with a thick layer 
of Ideseiguhr,. 

It was found that temperatures up to 800'^ could easily be 
attained, and that when equilibrium conditions had been estab¬ 
lished, any desired temperature could be maintained, with very 
slight variation, over considerable periods of time. The pyrometer 
consisted of a platiniim-platinumdridium thermo-element in con¬ 
junction with a millivoltmeter, which was carefully calibrated. 
The hot junction was protected from the action of the fused sub¬ 
stances by enclosing it in a very thin-walled porcelain tube. For 
the reasons previously mentioned, silica could not be used for this 
purpose, and it was found inadvisable to employ platinum.* 

The lower portion of the furnace tube was packed with kiesel- 
guhr, through which a silica tube of small bore passed. On the 
kieselguhr, the crucible was supported so as to rest in that region 
of the furnace where the temperature was most uniform. It was 
placed in position and removed by means of a stout platinum wire 
looped round it. A rubber stopper pierced with four holes closed 
the upper end of the tube. Through these holes passed the pyro¬ 
meter tube, the stirrer, the platinum wire referred to, and, lastly, 
a delivery tube which, used in conjunction with the silica tube at 
the lower end, allowed of .the displacement of the, air by dry 
hydrogen or nitrogen. 

The pure potassium pentasiiiphide and the di- ■ and tetra- 
sulphides of sodium used in these experiments were prepared by 
the methods described in earlier papers of this series (loc. ciL), 
xifter preparation, they were kept' in a vacuum desiccator over 
phosphoric oxide. 

It has previously been pointed out that potassium disulphide 

^ In some early experiments the hot jtiiiction was protected by a platiiiiiin 
tiibe^ but at the close of the series'the metal was found to ])© considerably 
iiglit'er in weight. On dissolving the fusion a brown, insohitde powder was 
obtained, which from a i^artial examination apipearod lo be platimmi. mono- 
sulpjlid©. The epmatity obtaineeb however, was insufficient to allow of a 
C9mpl©te examination* 
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cannot 1)6 obtained by a method analogous to that employed for 
the preparation of the corresponding socliiini conipoiiiidj sine© the 
reduction of the peiitasnlphide by metallic potassium yields a poly- 
sulphide mixture consisting mainly of the trisulphide, but. contain¬ 
ing a considerable amount of other substances, the removal of 
•which is very difficult. In their work on the polysulphides of 
rubidium and caesium, Biltz and Wilke-Borfurt (toe. cit.) obtained 
mixtures of low sulphur content by strongly heating the peiita- 
sulphides in a stream of hydrogen. It was decided to use this 
method for the preparation of potassium disulphide. For purposes 
of comparison, sodium disulphide was also prepared in this way, 
and a series of solidifying-point determinatioiis was made with 
material so prepared as the starting point. The results obtained 
in this series were found to agree very closely with those recorded 
in experiments in which sodium disulphide prepared by reduction 
formed the starting material. 

The sulphur used was twice rccrystallised from car!)on disulphide 
and then heated for several hours at 100° in order to remove the 
last traces of solvent. This suljstance was also preserved in a 
desiccator over phosphoric oxide. 


The Besulphiirimtion of Sodiu-m Tetrasiilphide and Fokmiuni 
FentasulpMde. 

The primary object of these experiments, as lias already been 
mentioned, was the preparation of the materials necessary for the 
construction of the complete solidifying-point diagrams of the 
systems under consideration. The- removal, of sulphur from the 
easily prepared higher poiystilphides was effected by heating them 
in a steady stream of hydrogen. At half-hourly intervals, the 
heating was interimpted, and, after cooling, the amount- of sulphur 
lost by the substance was determined by weighing. During each 
period of heating, the temperature was kep-t as nearly constant as 
possible, and its value was 25° higlier for each period than for the 
one immediately preceding. The variations in the rate of removal 
of sulphur yielded valuable information witli regard to t-li© exist¬ 
ence of lower compounds, and especiall 3 r as to- their relative 
stabilities. 

The heatings, were carried out in a slightly modified form of the 
electrically dieated furnace already de.scribed. A porcelain crucible 
of known weight and containing the weighed substance was intro¬ 
duced into the furnace tube and the stream of pure, dry hydrogen 
started. The gas was prepared by the electrolysis of a solution of 
barium hydroxide, using a ■ current of constant strength, thus 

IJ U* 2 
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avoiding variations in its rate of flow. During tlio time tliafc t.'lie 
teiriperatiire of tlie furnace was being adjusted tO' iJie 
value desired, the crucible was drawn into tlie c(K)1 upper p(,si’ti(>ii 
of the tube, and on the expiratio]j of each heating period the siil)- 
stance was cooled quickly in the same way. 



Na.j{S^ NujvSa 

Loss in weight iwr lOU grmm of sodium telrmiilphide. 

The weight of sodium tetrasulpliide taken was 15*673 grains, and 
an analysis of the substance gave the following figures: 

0*5657 gave 0*4624 KaoS 04 . Ha-=26*47. 

0*2464 „ 1*3178 BaSO^. S-=73*47. 

^0284 requires Na~26*44; S = 73‘5G per cent. 

The results obtained Are represented graphically in BTg. 1, in 
which the loss in weight per 100 grams of sodium tetrasulpliide is' 
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f>Iolted against tlie total time of heating.- The temperature inaiii- 
taiiied dtiriiig the ])revions half-hour is shown, and points are given 
at whicli^ from the loss of weighty the fused material slioxild have 
the composition of the mono-, di-, and tri-siilphides. 

As will be seen from the curve, the tetrasnlphide undergoes 
considerable decomposition below 300*^, and from this point the 
velocity with which the sulphur is removed increases regularly as 
the temperature rivsos until the composition of the fusion approaches 
that of the disulphide, the temperature by this time having risen 
to between 625*^ and 650^. Before the loss reaches that calculated 
for the disulphide, however, the direction of the curve changes 
markedly, and the removal of sulphur proceeds much more slowly. 
This retardation is indeed so marked as to render the preparation 
of the monosulphide by this method, at the temperatures attain¬ 
able ill the apparatus described, practically impossible. 

The values given on the curve are, of course, only relative, since 
the rate of loss of sulphur must obviously depend on the surface 
area exposed by the fused substance and also on the rate of flow 
of the hydrogen stream. They do, however, indicate the existence 
of a disulphide, the stability of which towards heat far exceeds 
that of the higher compounds. 

The total loss of weight in the course of the experiment was 
G'575 grams, and the composition of the product should therefore 
be Na = 45*43; S = 54*57 per cent. 

Analysis of the product gave the following results, which agree 
well with the composition calculated from the loss in weight: 

0*4846 gave 0*6795 NagSO^, Na = 45*40. 

0*3725 „ 1*4810 BaSO^. S=^54*62. 

Na 2 S 2 requires Na = 4T76; 8 = 58*24 per cent. 

From the excellent agreement between the composition of the 
|)roduct as determined analytically and that calculated from the 
loss in weight, it is clear that the sodium poly sulphides do not 
volatilise to any a,p-preciable extent when they are heated at 
temperatures within the limits mentioned, and this was found to 
be e<|ually true in the case of the potassium compounds. Biltz and 
Wilke-Borflirt (loo. vJt,) found, however, that when the disulphides 
of rubidium and cjssium were prepared by this method, volatilisa¬ 
tion invariably occurred, and to a greater extent in the case of 
the csesium compounds than in the case of those of rubidium. It 
would seem, therefore, that the polysulphides of the alkali metals, 
like the halogen salts, show an increasing tendency to volatilise 
with rise in the atomic weights of the metals from which they are 
derived. i 
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Tiiriiiiig to tlie pTcparatioti of potassixtiii disiilpliicle; tlie welglit; 
of tlie penfcas’ulpliide taken was 17*853 grama. Tlie purity of the 
salts was establislied by analysis, in wliicli the following results 
were obtained: 

0*3587 ga-ve 0*2816 K=32*7e. 

0*2752 „ 1*3429 BaSO^. S-67*09, 

KoSr, rerpiires IC = 32*78; S™ 67*22 per, cent. 


Fig. 2. 



Loss in weight per 100 grams of potassium pentasiilphate. 


The removal of sulphur was eilected and controlled in the 
manner already describedj and the results obtained are shown 
graphically in Pig. 2. 






OF Tim ALKALI AIETALS. PART III. 


1071 


Wliereas soclitira tetrasulpliide decomposes slightly at its melt¬ 
ing poiiitj 274°, and loss of sulplitir is appreciable at S00°, 
potassium peiitasulpMd© appears to be more stable at its melting 
point, altliough in this case also appreciable loss of siilpliur occurs 
at 300°. 

As ill tlie case of tbe sodium compound, tlie rate of removal of 
siilpliiir increases regularly as the temperature is raised, but tlie 
curve appears to indicate a slight retardation when the composition 
of the fusion approximates to that of the trisulphide, thus furnish¬ 
ing evidence of the existence of that compound as a siilistance tlie 
sulphur pressure of which remains constant betweii definite 
temperature limits. In the case of potassium, also, the grea.t 
stability of the disulphide may be deduced from the marked 
change in the direction of the curve when the composition of the 
fusion approaches that of that compound. Even a.t 750° the 
further removal of sulphur takes place very slowly indeed. 

The final product of the experiment, after cooling, was analysed, 
and gave the following figures: 

0*3935 gave 0*4838 KoSO.,. Iv=: 55*17. 

0*4017 “ „ T3008 BaSO,^. 8 = 44*49. 

EI 2 S 2 requires Ei = 54*94; 8 = 45*06 per cent. 

The total loss in weight was 7*306 grams, and from this., assuming 
that 110 volatilisation of the sulphides had taken place, the. com¬ 
position of the product should have been K = 55*46; 8 = 44*54 per 
cent. 

It is evident that sulphur had been removed in excess of the 
amount required for the formation of potassium disulphide. The 
agreement between the values obtained and those calculated from 
the loss in weight is not so good as in the previous experim.ent, 
hut the divergence lies within the limits of reasonable experimental 
error. Since on examination of the furnace tnl)© no trace of sub¬ 
limed sulphide, such as Biltz and Wilke-Borfurt describe in the 
cases of the rubidium and cseaium. compounds, was found, it was 
concluded that, as in the case of the sodium compotiiids, no appreci¬ 
able volatilisation had occurred. 

Both potassium, pentasulphide and sodium tetrasulphide fuse to 
deep red, almost black liquids, and this is also true of the various 
products obtained from them by the removal of sulphur. On 
solidification, the |mita- and tetra-sulphides crystallise quickly 
with very little supercooling, and the disulphides also crystallise 
quit© readily, although supercooling is more marked in their case. 

Between the di- and/ the tetra-sulphides, however, and especially 
in the neighbourhood of the trisulphideS', red, glass-like substances 
were always obtained. In these cases, inoculation often failed to 
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proriMit'C'. ajifl a,funr|»l}oiSH Biibat aiiCf.K llms 

obtaiiual roiild 1 ’h> kt^pi for «a)iuutkn’a.l)lo iH^ricsds a.i ilit*. teiir|>arfii,Tira 
of tilio laJjorai^'iry. (,!rysialliHati<,>n tiBtiaily took placo. witli 
rapixlii.y wlir-ii llio tadH|K‘,i%‘djU‘e wuk ritiKod, aiul| owiii|i„( i,o laxitig* 
!>}' ta:HiMidera,l>lo ,i'H(‘.n‘a.so.' of volutuo, of tlie 

coiitaiiiing vawsol oo;iinn.oa1y reisiiltefL cryHfca.! lisa fix) n, t'he 

mass iiHtially roirsaiiied irai^sparetifc aarl red, but prcseiii'ed tlie 
appearaiKXC/ of fniet-nre iu all direotioiis. Wlien i:lio Btil'mlaiices 
after crystalliBution were allowed to reiu/iin, tlie crystalliue Iona 
apparently clianged, and t.lio Biases bex.^aitie o|)ax|iie and pale yellow, 
tlie dept.h of tlie colour dependin^^ on blie percerii.a.£;’o of sulphur 
ill tli6 su!)siaiico. In ail, cases the products were soluble in water, 
forming clear, yellow solutions, which, however, rapidly became 
cloudy owing to oxidation. The Rolutions of the disulphides were 
only faintly coloured, but iucxease in the sulphur content'was in 
each case accompanied by a progressive increase in the int-ensiiiy 
O'f the coloration. 

The S'l/stemmy Sodium Mo?iomlphide--Sul^hur. 

Th© apparatus 'employed in the investigation of this system has 
already been described. Every experiment was^ carried out in a 
etream of nitrogen which had been passed over red-hot copper and 
then over phosphoric oxide. 

During the cooling of the mixtures, the temperature was read 
every fifteen seconds. The accuracy of the m'easurenients depended 
not only on the exactness of the temperature- readings, wliicli iu 
the case* of the thermometer could be trusted to 0*2®, and in that 
of the pyrometer to 1—1*5^^, but'also on the general tendency of 
the curve and the ease with which crystallisation could be induced. 
Thus the error in the neighbourhood of the disulphide, where tlu'. 
curve is steep, is probably far greater than in the regions where 
the curve is comparatively flat. Similarly, higher accuracy is 
attainable in the case of those mixtures which solidify sharply 
without supercooling than in the case of those in which the 
tendency to' supercooling is very great, and crystallisation, even in 
the most favourable circumstances, only proceeds slowly. In these 
cases, the error in single determinations may be relatively great. 

The results obtained in the analysis of the original material 
used for the construction of the section of the diagram lying 
between the -disulphide and the tetrasulphide- have already been 
given. Ony analysis, the tetrasulphide employed as starting 
' matmal for^dhe mapping out of the remaining portion of the curve 
gave ihe following figures: 
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0*4931 gave 0*4019 Na^SO^. Na-26*39. 

0*2785 ,, 1*4904 BaSC.^. 8-73*52. 

Na^S.;! r€C|nires Na —26*44; B —73*56 per cent. 

At the commenceincufc of eacli series of experinientSj tlie sub¬ 
stance, tlie crucible containing it, and also the tlierinometer and 
stirrer employed, were weighed, Afi'er each solidilyiiig-poiiit 
determination, tli© fiisioii was allowed to' cool in an atmosphere o£ 
nitrogen, and, when cold, after removing the volatilised sulphur, 
the substance, etc., were re-weighed. The increase in weight gave 


Fia, 3. 



the amount of sulphur actually added, and fro'i'O tliis the per¬ 
centage composition of each fusion was calculated. 

As a check on the compositions deiemiined in this way, the final 
mixture obtained in each series of .measureraeid.«' was analysed. 
Ill every case the analytical results agreed well with the percentage 
compositions calculated from the total increase in weight. 

In table I, the experimental results obtained for the different 
mixtures investigated are given, find they are also graphically' 
represented in Fig. 3. In this diagram, the solidifying points of 
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Table I. 


Percentage of 
phiir in mixture. 

Cu ^ 

W c;) <4H 

^ O 

0 33 

rO O O 

i 

o 

bjo 

•S 

rs 

Dlidifying point 
of eutectics. 

ftemarks. 


w 

S “ S 

1 O 

m 

r/2 









54-57 

0-723 

504 

__ 



55-25 

0*771 

455 

— 



56-39 

0*855 

439 

432 



57-91 

0-970 

445 

— 



50-04 

1-067 

440 

— 



60-18 

61*08 

61-91 

M68 

1-252 

1-330 

432*5 

421-5 

413 

— 

Eutectic point doubtful 
Approximate m. p., 
NaaSg, 

Tliese points 
wore deter* 
‘mined pyro- 

62-38 

1-380 

403-5 

— 

motrically. 

62-92 

1*437 

390 

—, 


63*63 

1*513 

374 

— 



64*25 

1*580 

356-5 

184 



64*95 

1*662 

322 

160 



65*74 

1*752 

290 

9 

Probably m. p. outectic 






-=206, 1 


66-10 

1*800 

200 

206 

This point is taken from tho curve. 

66-32 

1*829 

214-5 

? 

The eutectic solidified amorphous 
and this accounts for the wide 

66-74 

1*883 

218 

200 

07*14 

1*935 

220 

— 

difference in the values observed. 

67- 69 

68- 05 

2*010 

2-060 

223 

223-5 

— 

|m.p., ISTaaSg, taken as 223*6'^. 

68-61 

2-140 

235-5 

223 



69-29 

2*241 

246 

223 

1 Mean solidifyii\g point of outectic 

69-67 

2*301 

252 

2il*9 

1 = 222-0“ 


70-13 

2*364 

256 

222-5 

j 


70-42 

2*421 

263 




71*25 

2*550 

2G7-5 




72*35 

2*760 

273 

— 



73-56 

3*000 

275 

— 

(Solklifying point of Na.,84. 

74-15 

3*114 

272-5 

—, 



'74-45 

3*180 

269 

— 



74-62 

3*217 

266 

247 

1 


74-96 

3*294 

260-5 

247-5 

1 Mean solidifying point of eutectic 

75*17 

3*342 

257*4 

248 

f = 247-6“. 


75-38 

3*392 

253*5 

247-8 

) 


75-72 

3-522 

248*7 

— 



76-29 

3-615 

250 




76-37 

3-636 

250 




76-97 

3*704 

251 

— 



77*43 

3*921 

251-S 

— 



77*71 

4*001 

251*7 

— 

Solidifying point of HaoS*. 

78*03 

4*094 

250 




78*31 

4*179 

249-5 

— 1 



78*41 

4*209 

249-7 

~ 

Saturated solutions of 

srdphiir in 

78*63 

4-278 

249-7 

- 1 

NuoSic with m. p. 249-6®. 

79*15 

4-445 

249-5 

— 1 

“The other layer was 

sulphur with 

80*15 

4-792 

249-6 

- 

solidifying point 118®. 

81*18 

'5-200 

249-4 

- j 
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tli.e mixtures used are plotted against their eompositionSj the latter 
being expressed as the number of gram-atoms of sulphur added per 
grarn-molecul© of sodium monosulphide. 

As will b© seen by reference to the curve, the system contains 
two well-defined eutectics, the first of which lies between the tri- 
sulphide and the tetrasulphide, contains 68*15 per cent, of sulphur, 
and melts at 222*6°, whilst the second lies between the tetra- and 
penta-sulphide. The melting point of this second eutectic is 
247*6°, and it contains 75*48 per cent, of sulphur. In addition to 
these, there can be no doubt from the general tendency of the 
curve that eutectics also exist between the di- and tri-sulphides, 
and also between the monosulphide and the disulphide. Owing 
to undercooling, the melting point of the di-tri eutectic could not 
be determined accurately, but it is in the neighbourhood of 206°, 
and the mixture contains approximately 65 per cent, of sulphur. 

For the definition of the monosulphide-disulphide eutectic, only 
one observation was obtained, and this was made pyrometrically. 
The halt, which was fairly distinct, occurred at a temperature of 
432°. Although the existence, and especially the exact solidify¬ 
ing point, of this eutectic mixture cannot b© considered to be 
determined by such a single measurement, it should be pointed 
out that the observation is in agreement with the general direc¬ 
tion of the curve, so that, on the whole, the conclusion is justified 
that the moiio-di eutectic does exist, and that its solidifying point 
is probably in the neighbourhood of 430°. It contains approxim¬ 
ately 55*8 per cent, of sulphur. 

The solidifying point of the monosulphid© has not been deter¬ 
mined, since a sufficiently high temperature could not he obtained 
in the apparatus employed. It would seem probable, however, 
from the direction of that portion of the curve which lies between 
the monosulphide and the mono-di eutectic, as defined by the two 
points actually observed, that the melting point of the mono- 
sulphide must exceed 800°. 

Turning to the maxima exhibited by the diagram, the first 
maximum occurvS when the composition of the mixture corresponds 
with the disulphide, the temperature being 445°. From the fact 
that on either side of this point the curves fall away very steeply, 
it follows that the disulphide is quite stable towards heat at its 
melting point. 

From the disulphide, the solidifying points of the mixtures fall 
nearly 250° until the di-tri eutectic is reached, from. which point 
they again rise, but much less rapidly. In the case of the tri¬ 
sulphide, a definite maximum is, not shown, but the existence of 
this compound is established, first, by the pronounced break which 
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'h fibservt-*!] in t.lic ciirvo when the mixture lias the eoniposition of 
tlio i.Tisiilpiii(ie> aiidj sccoiidly, liy the presence of both di-tri ami 
tri-teira eutectics. 

The absence of a definite inaxhnuni is €¥1(161106 of the unstable 
character of the trisnlphide^ wliicli must decompose at a tempera¬ 
ture below its melting point. 

From the break indicating the existence of the trisulphide, the 
curve- again rises to a maximum at 275°, at which point the fusion 
has the composition of the tetrasulphide. Thus the -exisi.ence of 
this compound as a substance stable at its melting point is 
established. 

The behaviour of mixtures containing a higher percentage of 
sulphur than the tetrasulphide is interesting. As the sulphur 
content is increased, the solidifying points become lower until the 
tctra-penta eutectic melting at 247*6° is reached. From this 
point the curve appears to be almost horizontal, but on closer 
inspection a very slight rise can be seen which reaches a maximum 
at 25r8°, the rise therefore being only 4*2°. At this maxim,urn 
point, the substance has a composition practically identical with 
that of the pentasulphide. 

Kremann (MIonatsh., 1904, 26, 1311) has shown that in the case 
of additive compounds, dissociation must theoretically result in 
the •flattening of the maximum, and that this fattening must be 
i.he greater the greater the extent to which dissociation takas place* 
He has investigated cases, for example, trinitrobeimene- 
naplitlialene, in which the solidifying points of eutectics and 
that of the compound only differ by one or two degrees. It would, 
appear that in the case of sodium pentasulphide, ilie fused sub¬ 
stance is so strongly dissociated that the dissociation products a..rc 
able tO' lower the maximum to a point very little above tlio tetra- 
peiita eutectic on the one hand, and the solidifying point of i:1ie 
saturated solution of sulphur in sodium moiiosulpliide on the 
other. Abegg and Hamburger {ZeiUrJi, anorij. Ghnn.j 1906, 60, 
435) have recorded a similar observation in tlie case o'f the poly¬ 
iodides of potassium, and their results have been confirmed 
by Kremann {MonaUh.^ 1912, 33, 1081). In this case, the differ¬ 
ence between the maximum and the eutectic, temperatures was 
found to be 3*7°. 

The results obtained by the aiithors in their prese,iit investiga¬ 
tion lead to the conclusion that the pentasulphido' is the highest 
polysulphide obtainable by fusing together sodixon monosulphide 
and sulphur, for immediately beyond the pentasul],>hide maximum 
the curve becomes, horizontal, indicating the formation of a 
saturated solution of sulphur in the. latter compound. The melt- 
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iug point of tlie Batiirated solution is 249*6'^, and several points 
were obtained didering from tMs value by only O*!-—altboiigli 
tlie sulphur content was varied considerably. 

Ill order to* make quite certain that this horizontal line really 
represented the formation of a saturated solutioiij the solidifying 
point of a mixture of equal amounts of sodium tetrasulpliide and 
siilpliur was determined. After the fused mixture had been 
tliorouglily stirred, it separated into two layers, the lower of which, 
the saturated solution, solidilied at 249‘4^, whilst the up23er layer 
of sulphur remained liquid until the temperature had fallen to 
118°, when it solidified to a pale yellow mass. From the appear¬ 
ance of the sulphur so obtained, and also from its solidifying point, 
it would seem that the sodium polysulpliides do not dissolve in 
molten sulphur to any a|)preciable extent. 

No evidence whatever is furnished by the results obtained in this 
investigation of the existence of intermediate compounds, such as 
the enneasulpliide. If intermediate compounds exist at ail, they 
can only do so at low temperatures. 


The Si/Hleni, Fotasdwn M 

The methods and apparatus employed in the investigation of this 
system were exactly similar to those already described when dealing 
with the sodium series. 

As starting materials, the piu'e peutasulphide was used in one 
case, and mixtures obtained by ex 2 >elliiig sulphur from the penta- 
sulphide by heating it in a streain of hydrogen were employed in 
other series. Analyses of the pentasulphide and of a mixture con- 
taining less suljilnir than the disulphide have already been given. 
In addition to these, a third material was employefl, which on 
analysis gave the following results: 

0'4971 gave ()-4639 K.SO.j. K-41*88. 

()*2333 " ,, 0*9856 BaSO^. 8=^58*04. 

Tliese figures agree Avell with the composition calculated fi*oin 
the loss in weigh.!', and the su])stance therefore a^Ainoximates to the 
trisuiphide, 

At the end of each sesres of determinations the final product was 
analysed. In every case the figures obtained were found to be in 
good agreement with the comi>osition calculated from the weight 
of sulphur added in the course of the series. 

The results obtained are given in table II, and in Fig. 4 they 
are represented graphically. 
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Table II. 


.1 

° K 
ID'S 


2 | 

CP jr! 
PU fit 


s s . 
•S g'^. 
6 

I “'S 

CL ° 

d) 

^ O 




•S w 

o.S 

ft-g 

tiD tD 

•S-g 

^*0 


OQ 


m 

m 

44*05 

0-969 

4()7-5 

_ 

45*56 

1-041 

408 


46*80 

1*145 

464-5 

— 

48*09 

1-259 

452*5 

— 

49*1<S 

1-360 

433 

— 

50*63 

1*601 

390-5 

254 

51*97 

1-638 

360 

249 

53*02 

1-752 

311 

249 

54*32 

1*900 

261-5 

251-5 

55*51 

2*042 

251*0 

—. 

57*06 

2*240 

238 


57*78 

2-342 

217-4 

— 

5vS*93 

2-499 

189 

— 

69*62 

2-600 

160*5 

— 

60*15 

2-691 

101 ? 

101 ? 

60*65 

2*743 

130*7 

— 

60*95 

2-807 

141*6 

— 

62*02 

2-983 

145*5 

— 

62*38 

3*043 

152 

144 

62*72 

3-102 

166 

142-5 

63*70 

3-279 

178*2 

146 

64*68 

3-445 

192 

142 

65*74 

3*680 

201*0 


66*79 

3-905 

204*3 

— 

67-22 

4-001 

206-5 

— 

67*90 

4-179 

204-2 

— 

68-73 

4-360 

200 


69-21 

4*480 

196-7 

183 

69-60 

4-580 

102-2 

183-7 

69-81 

4*637 

190 

183*1 

70-26 

4*709 

187 

182*4 

70-67 

4*847 

185-2 

182*2 

70-86 

4*930 

188-0 

,— 

71-21 

5-031 

188-9 

— 

71-66 

5*135 

188 

— 

72-26 

5*352 

188-1 


74-11 

5*981, 

187-9 

—. 

76*42 

6-902 

188-3 

— 


Iloiiia,i‘ks. 


|j3i-tn outectic. 

I Mean m, p. = 


250* IK 


TIicbo points 
vvere doter- 
inined pyro- 
niotrioaliy. 


J 


Amorphous. Probably tri-totra outectic. 


) Tetra-penta outectic. 
Meanrn. p. = 143*4. 


Pinitadioxa outectic. 
Meanrn, p. ^ 182*9‘b 


j Hatumted, st4iilioii of sulpbuf in 
I {OS®, m. [>. — 1.88*1,. 
j The siilpiuir layer solidified at 1 


An examination of the diagram renders quite clear the existence 
of three ■weil-defiued eutectic horizontal lines which lie between 
the di- and tri-sulpliides, the tetra- and penta-sulphides, and the 
penta- and hexa-bUlpMcles respectively. The eutectic iai,xtiires 
corresponding with these horizontal lines have the following co,»i“ 
positions and melting points: 
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Di-tri eutectic, 8 = 54*32 per cent., in. p. 250'9°. 

Tetra-peiita eutectic, 8 = 62*31 per cent., m. p. 143*4°. 

Peiita-liexa eutectic, 8 = 70*39 per cent., ni. p. 182*9°. 

Owing to tlie difficulty of obtaining tbe necessary material and 
tbe previously mentioned limitation of tbe apparatus employed, tlie 
region between tlie mono- and di-snlpliides lias not been investi¬ 
gated. 

Between tli© trisnlphide and the tetrasnlpliide a region was 
encountered in which the tendency of the fusions, to form highly 
supercooled, amorphous masses was very marked, and here no trust- 


Fia. 4. 



Composition: Ato?m of sulphur per molecule of pokissktm monosulphide. 


worthy transition points could be obtained. It E^eems pnobablo 
that the amorphous substance referred to in the table really 
consists of the tri-tetra eutectic mixture. 

The curve exhibits live maxima, of whioli tlioso corresponding 
with the di-, tri-, and penta-siilphides are quite distinct. They 
occur at temperatures of 470°, 252°, and 206*5° respectively. The 
compounds mentioned, therefore, can exist as stable substances at 
their melting points. 

Of the two- remaining maxima, that which indicates th© exist¬ 
ence of the hexasulphicle, and is found at 189°, is flattened in the 
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THOMAS AND RITM : THiiJ TOLYSUm-lIBES 


wa;y a« tlie prcvioUvsly discuHHod Bodiiirn |)0Hta,Hiilpliidc^ 
iiiaxiiriiiiu, being biiii. P Ixiglier tliaii the saturated solution liiu*. 
on ilie^ 0116 band and 6^ above the piouta-liexa. eutectic oti tbe 
otiior, PDta.ssiiini liexasixlpiiide Is tberefore very coiisi(l(3ral)ly dis- 
sociatfcul at its meiting point. 

Ill tlio ease of tlie tetrasiilpliide, tlie curve sliows iiO' deiinii.© 
inaxiiiiirm, but tlie existence of tliisi coni pound, tbe least stable 
towards beat of the poly sulphides of potassium, is indicated by the 
decided break 'Observed in the curve at the wliei*© the com¬ 

position of the fusion corresponds with that of this conipoiiud. 
The teiiiperature at which this break occurs is 145• 5*^. 

At 188°, when the mixture contains 71*5 per cent, of sulphur, 
'the curve becomes- liorixoutal, and tlie addition of comparatively 
large amounts of sulphur does not atfect the solidifying point. 
When a sufficiently largo amount of sulphur is added sepax'ation 
into two layers can be observed, the one consiBi-ing of a saturated 
solution of sulphur in the hexasulpMde, solidifying at 188°, whilst 
the other solidifies at 117*5°, and is practically pure sulphur. 

As in the case of the sodium series, this investigation furnished 
no -evidence whatever of the existence of intermediate compounds. 

A comparison of the results of this investigation with the work 
of Biite and Wilke-Dorfurt (Joe. cit.) on the polysulphides of 
rubidium and emsium is interesting, and brings out more clearly 
the observation made by the authors in an earlier paper that, 
whilst the poly sulphides of potassium, rulxidiiim, and csesium 
resemble one another very closely, the sodium conipoiiiids exhibit 
notablo differences. Thus, whilst the three elements first named 
all form. liexasulpliidevS and stalxle peiitasulphidesj in the c;ise of 
sodium no trace of the existence of a hexasulphide could be 
detected, and the pentasulphidc is relatively unstable. On tlie 
other hand, sodium tetrasulphide- is stable and tlio i!;isiil|)hide 
unstable, this order being reversed for the pc>i';assiiini, rubidium, 
and caesium compounds. As regards iiieir appearance, stability, 
and solidifying points, all the disulphides appear to be similar in 
character. Towards heat, these compounds show greater stalxility 
than any other of the polysulphides of the alkali metals. 

For p-urpO'Ses of comparison, the solidifying points of the com¬ 
pounds and eutectic mixtures investigated by the authors-, together 
with the values obtained by Biltz and Wilke-Dorfurt in the 
rubidium and csesium series, are given in table Tll. 
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Table III. 


Co,rnpoiiticl or ciitecfcic. 

Sodiuin. 

Potassium. 

Ruhidiuin, ( 

jfesiui 

Disulphide .... 

445-0^ 

471-0'^ 

420-0"" 

460-0^ 

Di-tri eutectic . 

200-0 

250-9 

200-0 

205-5 

Tri sulphide . 

22:hr> 

252*0 

213-0 

217-0 

Trhtetra outectic . 

222-0 

?(auaorp}ions} 

148*5 

I5h0 

Tetrasulphide ... 

275-0 

V 

o 

> 160-0 

iOO-O 

T('.tra-penta eutectic . 

247-6 

148-4 

1 59.5 

159-5 

Pe.iitasuIp!mlo . 

251-8 

206-0 

23i-t) 

210-0 

.Penta-hexa eutectic . 

— 

182-9 

189-8 

17S-0 

Hcixasiilphide . 

— 

189-0 

201-0 

186-0 

►Saturated solution. 

249-6 

188-1 

1S4-6 

172-8 

The MoleeMlar Weights of the 

Folgsulphides of Sodiu'ui 

a? id 


Pi^fasskiw. iih AJcoholic Sohuion. 


The view expressed by Bloxain (joe, dt.) that tlie character of 
the polysiilpliides of the alkali ineials is bolter denoted ].>y tlio 
general formula 11 - 4 S;« than by the nsnally accepted formula 
and that they are to be regarded as derivatives of a conipoiind of 
the type has already been referred to. The existence of 

compounds of tlie iast-mehtioired type has not been established by 
substantial experimental evidence, but the theory was put forward 
as an attempt tO' bring the various intermediate compounds which 
Bloxam. claimed to have isolated, of which the so-called ennoa- 
sulphides are the l)est examples, into line witli those com]>oiin(]s, 
such as the tetra- and penta-stilphides, the existence of which, was 
generally recognised. 

As regards the ri.ibidium a.nd csesiuin compounds, Bill® and 
Wilke-Bdrfurt {loc. dt-) foiznd no trace of any siich intermediate 
compounds, and the,present authors conclude similarly in the cases 
of tile sodium and potassium compounds. Interniediat© com- 
poinids, if they exist at all, must be of an extremely unstable 
character. 

I.n order to obtain further evidence as to whether the single or 
the double formula is to be preferred for these compounds, the 
molecular weights in alcoholic solui.ion have been determined for 
such of them as can readily be obtained in the pure state. For 
this purpose, the ■ebiillioscopic method was employed. Carefully 
dried alcohol was used, and the polysulphides employed had also 
remained for several days over phosphoric oxide. In every case 
their' purity was established by analysis. 

Several deterra inatio,ns were carried out with each substance, 
solutions of different concentrations, being ‘used. It should be 
pointed out, however, that owing 'to the sparing solubilities of 
sodium sulphide and potassium, pentasulphide, it was not possible 
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ill tli6 ca,sGH of tJicsc sul)si:a.«ce.H t'o vary ilte of tlio 

soIiitioriK iiml to any (;<)iisi<lei*ab!e oxloni'.. 

Tlie following I’erfiilia were, ohiained: 


SadiiMn 1 dfiid-ph Ida. 


,Ni3,!i[iber of 

Wcig],it o,f 
substtvneo 
i.aken. 

Woighl of 
alciobol. 


o.xpcvi'iirjt'irit. 

1 

Ok'arsi. 

Gra,tns. 

K M,.W 


82-20 

0-008'’ 70-571 

o 

0-8441 

81-24 

0-178 7-b40 -Mtsmi 

8 

0-8(584 

81-i57 

0-1,84 78-07 1 


rofjviiros M.W. 220-2H. 
Na,>8.> „ „ -- M0.14. 


SodiuiK^ Tetrmn Iph Ide. 


Number of 
exporimoiii. 

W«.4,gbt of 
yubsfcanco 
taken. 
Grams. 

Weiglit of 
alcbliol. 
Grainy. 

E. 


M.W. 

1 

0-2210 

81-4(5 

0-07P 

i'i5*7tn 


2 

0*4278 

30*01 

0-152 

100*58 

M',ean cxcducIiHg 

3 

0-0194 

80*18 

0-200 

120-20' 

-No. 2 VI9*8. 

4 

0*8908 

80-(55 

0-290 

118-05 1 


5 

him 

81*07 

0-858 

128*07, 



recmii-OB M.W. 348*50. 

174-28. 


Poiasskuii PentasiilpJiide. 

Woiglit of 

sal>«t4moo Woight of 
ISTumbor of taken. aleohol. 

cxpoiiiTieiit. C.Tiwo. (ImirjH. E. IVLVV'. 

1 0-2701 30-00 0-00{P 152-551,., 

2 0-8478 81*41 0-080 J4Vl-!)4J'" 

'«H5quiroR M.W. 407-1, 

KSn ' 288-55. 

In the case of eacli polysulpMde investigatoclj tlio mean (.ibnerved, 
value for tlie molecular weight was found to be considerably lower 
than 'that required by even the einiple formula and tluvre 

can therefore be little doubt that 'Under tbeyo conditions i,hs^ 
double formula is quite out of the question. 

The uniformly low results obtained require, however, some 
further explanation. They may bo accounted for in two ways, 
In the first place, alcoholysis of the solution may occur in accord¬ 
ance with the equation 

RaS^, + SCgHs'OH ~ 2C2lTf;OR -i- H^S 4- S,,.. 

The, result of ,such a reaction would be to reduce the weiglrt ot 
^alcohol actually acting as solvent, whilst at the sain© time tlio 
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mimber of iiioleciiles in solution wonld be increased. Both these 
results would tend to lower the observed molecular weight. 

That alcoholysis does occur to some extent is certain, for in 
every deterniination the solution obtained was bright green. This 
phenomenon has been noted in an earlier paper (T., 1914, 105, 
188), and was there shown to be due to the separation of minute 
particles of sulphur formed by the decomposition of the poly¬ 
sulphide by alcohol. Since, however, the amounts of hydrogen 
sulphide given off from such so-lutions, even during prolonged boil¬ 
ing, were so small as to be .practically negligible, the alcoholysis 
cannot be very considerable. 

In the case of sodium tetrasulphide, if one supposes the above 
equation to represent the reaction and the sulphur produced to 
be insoluble, the substance would have to be alcoholysed to the 
extent of more than 45 per cent, in order that the molecular weight 
might have ,tlie observed value. Taking all the known facts con¬ 
cerning the polysulphides of the alkali metals into consideration, 
this cannot be deemed probable. This opinion is strengthened by 
the behaviour of sodium tetrasulphide in aqueous solution. One 
would naturally expect this compound to be decomposed by water 
to a far greater extent than by alcohol, yet Kiister and Heberlein 
(Joa. cit.) have shown that in OTiY-solution at 25® the extent of 
the hydrolysis is only 1T8 per cent. 

On the other hand, the low values obtained by the ebullioscopic 
method for the molecular weights may be due to the ionisation of 
the polysulphides in alcoholic solution. Supposing this to be the 
case, and assuming that the alcoholysis is so slight as to be 
negligible, in order to accoitnt for the difference between the 
observed and the theoretical values the degree of ionisation must 
be of the order of 25 per cent. 

Turner Chem, 1908, 40, 588) has studied the ionisa¬ 

tion of alcoholic solutions of various halogen salts of the alkali 
metals, in particular of potassixim iodide. He employed the con¬ 
ductivity method, and the results of his work lead to the con¬ 
clusion that a OTF-solution of this salt is ionised to the extent of 
35 per cent, at its boiling point. 

Whilst, therefore, the evidence is insufficient to permit of a 
definite conclusion being drawn, the authors are of the opinion 
that, although alcoholysis may , in some measure give rise to the 
observed abnormalities, its effect must be comparatively slight, and 
the main cause must be looked for in the direction of ionisation 
of the polysulphide solutions. With the view of gaining further 
information on this point, the conductivities of alcoholic solutions 
of the polysulphides will be investigated at a later date. 
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THOMAS AKB KITLB : THE POT.YStJLPHIBES 


Silvuiiari/ (iiul (Joiicfih^ions, 

Tli'O systems, socliixm trionos^iilpliido" sul])luir <ui(! potassitim 
ifK>iiosiilpiiic3e~sTi]|>liiir, liave beeo. investigated by a tliermo- 
analylical. inetliocl, and. in each, case tbe existence has been estab- 
Uslied of a complete serieS' of coinpoimds to which the general 
foranila E. 2 S,|. may 'be assigned, where a; is a whole iinin!)er having 
i,he nuixirninn valne 5 in the sodinni series and G in the case of the. 
potassiriBi series. 

'No evidence whatever has hoeii obtained of ihe existence of 
inteiMiiecliate convponnds, such as the cnneasiilplude described by 
Bloxain. 

Idle thermal {liagrani for the potassium series closely resembles 
ilinse obi.aiiied by Biltz and^ Wilke-Dorfnrt for riibidiirm and 
ca^siiiirn In tlie sodium series, however, the :resein])lance is mitcli 
less striking. The sodium compounds differ in ap]>earanco and 
jH’operties, the maximum, combining power of th.c .metal is less, a.m1 
strict parallelism can no longer be observed between, this series and 
the potassium, rubidium, and csesitim series as regards the', com¬ 
parative stabilities of compounds of corres]>onding compositions. 
This is in accordance with the behaviour of tlie alkali meluals in 
their compounds with, other elements, notably with iodine. 

Ill connexion witli the preparation of the materials necessary 
foi: the main research, the rate at which sodium tetrMS!.d|)hide and 
])otassium pentasulpliido lose sulphur when they are licjiied in a, 
steady stream of hydrogen at regularly increasing temperatnros 
has been investigated. The results ohtained lead to ,tlie coiielnBion 
that the disulphides in each, case are extremely stable compotimls 
from which stilpliur can only be removed with diiricnlly. 

Tlie l.ieariiig of this on the constitution of ihe polysnl|,hides is 
of some interest. This question has Imen discussed by many 
authors, but tlie views put forward by Bpring and De'inarteau 
(BulL Boc, ckm.^ 1889, [iii], 1, 11) and Kiister ^ and Hebe'rlein 
(Zeitsch* (morg, Ghimi.f 1906, 43, 72) appear to ' be" the most 
important. The first-mentioned authors point out that whilst 
towards inorganic, substances tho polysUlphides hehave in accord¬ 
ance with the ' general' formula' R^SSjc, .'their reactions with, alkyl 
haloids lare best explained by assuming that' they possess the 
formula iii which ,the,hrst two sulphur atoms in the aiiole- 

cule play.quite a diforent'part from the remainder. Spring and 
Dem.arteati favour', the Tatter formula, considering the higher poly- 
eulphide.s merely to be'Solutions of sulphur in tlie flisulphides. 

Klister and^ ►Seberlelu' .eritici^ this view on tlie ground that if 
it 'Were true, alf-'.,polysulphides,, being essentially salts ol hydroge'ii 
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disiilpliide^ hIiouIcI 1)6 liydrolysed in solution to the same extent, 
lor tli6 hydrolysis could not be influenced by the mere pliysical 
solution of sulpliiir. They consider that the constitutions of the 
polysiilphides and the polyiodides are analogous, and since it is 
generally recognised that the latter compounds are best repre¬ 
sented by the foiiniila they conclude that the constitution 

of the polysulpliides is best expressed by the formiila 

With the criticism of Kitster and Heberlein the present authors 
are in agreement. Nevertheless, their results certainly favour the 
view that in the polysulphide molecule two atoms of sulphur are 
in a diflerent state of combination from the remainder. The}?' 
suggest that the disulphides should be regarded as being derived 
from the form of hydrogen disulphide analogous to the tautomeric 
form of hydrogen peroxide. They would thus possess the formula 
R.*S*S’'R. Proxii this substance, the higher j)olysui|)hides are 
obtained, not by solution of sulphur, but by further cornl)i]uitioii. 

It* HI Hi 

Thus, the trisulphide would be represented by the formula ’ 

the tetrasulphide by etc. 

In this way, the criticism of Iviister and Heberlein is obviated, 
whilst still retaining an explanation of the difference in behaviour 
of two sulphur atoms in the molecule from that of the remainder. 

Taken in conjiuiction with the work of Biltz and Wilke-Borfurt, 
the results of the present investigation establish that the volatili¬ 
ties of the polysulpliides of the alkali metals increase with rise in 
the atomic weight of the metal. This is in agreement with the 
well-known behaviour of the halogen salts of these inetaia 

With the object of deciding between the simple formula 
and the doubled formula the molecular weights of several 

polysulphides in alcoholic solution have been determined by the 
ebullioscopic method. Under these conditions, there can be no 
doubt that the simpler formula is the correct one. The results 
obtained were, however, very considerably lower than even the 
simple formiilse require. The authors attribute this to the ionisa¬ 
tion of the solutions, and it is calculated that, assuming alcoholysis 
to be negligible, such ionisation takes place to the extent of about 
25 per cent. 

In conclusion, the authors wish to express their thanks to Mr. 
P. Hughes, who has rendered vahiable assistance in the prepara¬ 
tion of some of the materials used in the work, 

IUOKCIAKI.C LABOUATORIUS, 

ITNiVERsrrv or Liveei^ool. [liecewed^ ^Sepkmber 7/A, Ilf 17.] 
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XGV.SkuUes in Catalysis. Fart VlfL Fliermo 
chemical Data and the Qnantmn Theory. High 
Temperature lieaciions^ 

liy William Cudmore McCullagh Lewis. 

It was sliowii in Part VII. (tliis voL, ]>. 4.57) that, on tlie basis of 
tlio radiation tbeory, the lieat of a reaction is connected Avith tlie 
critical frequencies of the reactants atnl, resultants by the relation : 

where iY is the luunber of molecules in 1 grani-moleciiky h the 
Planck constant,, and v the critical frequency of any given luolccular 
species taking port in the reaction. It lias already been pointed out 
tl'iat this relation was first deduced by Haber (Ber. Dent, rhj/sihit, 
(Jes,y 1911j 13, 1117), wbo also attempted to verify it in three cases, 
namely, th© formation of potassium chlorid©, potassium iodide, and 
sodium chloride^ from their elements. 

In the present paper it is proposed to consider the ex|>eriinentai 
data available at tli© present time with the object of obtaining, if 
possible, a ■wider experimental basis for thea’elationsliip. Incideidr 
ally, it is necessary to reconsider Haber’s calculatio.us. For our 
present pur|X)se it is convenient to divide reactions into higli teia- 
peratiire reactions and low temperature a^eactions respectively, itnli- 
cating by tlie former that the chemical changes require quanta of 
great size, corresponding witli the visible and ultra-violet regions of 
the spectrum, indicating by the latter that the reactions are siudi 
that q'uaiita belonging to the short infra-red region are suillhent to 
account for tlie critical increments involved. 


High Te77i2>eraiure, Reactions. 

As examples of this class we are concerned mainly with th© heats 
of formation of inorganic salts. To test the relation already given, 
it is necessary to know the critical freipiency of each of the sub¬ 
stances participating in th© reaction. In a large number of cases 
these frequencies have not yet been directly observed. Halier 
{loc. cit.) has suggested, however, a very Bimpl© relation, which, 
although semi-empirical, may be employed in this coiinexion. This 
relation, ivliich will be referred to as tlie square-root rule, states 
that th© characteristic infra-red frequency, iVj of a*8u1)stance, that is, 
the frequency of the residual ray ivhich is capable of accoimtiag 
approximately for th.© specific heat of the substance, is connected 
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with til© cliaracteristic frequency, in the ultra-violet region in tlie 
following way: 



where m is the mass of an electron and M is the molecular weight of 
the substance. The ultra-violet frequency, Vy, referred to is that 
which corresponds with the maximum of the selective photo-electric 
effect. Employing the atomic weight for 31 in the case of a number 
of elements, the alkali metals, Haber has shown that the calculated 
and observed frequencies agree satisfactorily. 

Haber has extended the application of the square-root rule to the 
calculation of the characteristic ultra-violet frequency of solid com¬ 
pounds (salts). Thus, in the case of rock salt, Rubens and Ascii- 
kinass have observed the characteristic infra-red band at 51*2/i. 
Taking 31 as 58*4G, the normal molecular weight of sodium chloride, 
the ultra-violet wave-length thus calculated is 156*4 which agrees 
extremely well with the valiiO', 156*3 /t, obtained by Martens from 
dispersion measnrements. In the case of potassiuin chloride, the 
infra-red band occurs at 61*1 p, whence, employing the normal 
molecular weight of the salt in the square-root rule, Haber finds that 
the ultra-violet wave-lengtli is 165*3 /xp, whilst Martens obtained 
160*7 /xjr from the dispersion. The values quoted are those given by 
Haber. So far as these data go, they indicate the general applica¬ 
bility of the rule. Haber further points out that, in addition to the 
characteristic ultra-violet fiequencies referred to in the above cases, 
tlie dispersion measurements indicate the existence of a still shorter 
wave-length. It is an interesting fact, although not bearing 
directly on the present problem, that these shorter wave-lengths may 
also b© calculated with considerable accuracy by means of the 
squarerTOot rule, pi:ovided we employ twice the molecular weight 
of the salt, for the quantity 3f, Tims, in the case of rock salt, the 
second ultra-violet absorption band is calculated to be 110*6 p/x, 
whilst Martens’s value, obtained from dispersion data, is 110*7 p/x- 
In the case of sylvine, Haber calculates, in a similar manner, that 
the shorter ultra-violet dispersional band should occur at 116*7 p/x, 
whilst M“artens has calculated the value 115*3 |i,/x. 

As already mentioned, Haber has applied the square-root relation 
to elements such as the alkali metals and to iodine, in which 31 is 
taken to represent the atomic weight, with satisfactory results. In 
the case of iodine, 31 obviously represents one-half of the molectilar 
weight of the substance in the dissolved or gaseous state. In general, 
therefore, the term iff may 'refer to the normal molecular weiglit, or 
t.o one-half this quantity., That the relation is largely empirical is 
evidenced by this lack of precision as to the significance of Jf, 



1088 


LEWIS : 8TO'DIES IN OATALYSLS. PART V',IIL 


especially wheii we consider that the iiiveBtigation of tlie solid sLat-e 
by means of the iT'-ray S 2 >ectrometer has led to a c|riifce new concep¬ 
tion of tile molecidar weiglits of solids. 

It would appear that in the large majority of salts the term il/ 
denotes the usually accepted value for the molecular weight. It 
will be.^ shown later, liowever'j that one^lialf of the molecular weight 
appears tO' be the correct quantity tO' employ in the case of tiic 
thallium haloids 

TJie significance to be attached to ili' is not entirely arbitrary. Tlie 
following considerations serve as a guide. If wc restrict ourselves 
to tiie cliloricles, bromides, and iodides of a given metal, we wouhl 
expect on general grounds to lind a certain sequence in tlie iiltra.- 
vlolet frequencies, such as is foimcl in the far infra-red region (com¬ 
pare Rubens and von Warteiiberg', Sihfnirj.iher. 1\. A had, 

Berlin; 1914, 169). That is, we would expect tlie bromide to^ occupy 
ail intermediate position between tlie chloriflc and iodide. In the 
case of the thallium haloids, using the nonnal inolemilar weights, 
we obtain for the ultra-violet frequencies, 15'62 x for the 
cliloride, 18*3 x for the bromide, and 15*21 x for the iodide. 
Using the lialf-inolecular weights, the corresponding values are; 
15'21 X 10^'^, 12*93x10^'^, and 10*76 x10^4 In the first case the 
sequence is broken, in the latter it remains. ’We conclude, ilierc- 
fore, that the lather values are more nearly correct. It will be shown 
later that the conclusions., here tentatively drawn, are borne out 
from the point of view of the heat determinations. 

In I-Iaberls consideration of the heats of formation of aaits the 
process is regarded as iuvolviug tlie .removal of electrons from 
<;ertain atoms o.ncl tlieir adiliilon to others. Hal)er visualises the 
l>rocess in tlie folkiwing way for t^lio union of a. lijilogcn with an 
allcfili nudah 

Let US' imagine' an el'cctric sjiaco lattice conl;aining halogen atoms 
and ato-ms of tiie metal whicli have not yet rfsacted witli one another 
to give tlie solid salt. The, eloctrii) space 'lattice is gir|>|>0S6d to 
possess properties wliich, may be regarded as tlie mean of those 
exhibited' by solid halogen and solid metal separately. This mean 
or average state' is then characterised by the single ultra-violet fre¬ 
quency, + where V| is ■ the frequency of the alkali metal by 
itself and is that of,the solid halogen. Whe,ii transfer of the elec¬ 
tron has taken place, the nature of the space lattice is altered, the 
. frequency being now that of the alkali salt. Haber then proceeds to 
determine whether the work ^ term, hvj involved in the removal of 

Habor regards tlie quaiitiiin as measuring the work of removing an 
oleetron. It would appear more justifiable to identify the quantum with tiie 
total energy change Involved in the transfer of the ©lectrom 
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an eleciron from the alkali haloid salt space lattice^ is equal to the 
heat of formation reckoned per gram-molecule, together' with the 
work term /^•(O'Svi + O’Svg)- 

The first case considered by Haber is that of potassium iodide. 
The heat evolved by the union of the solid elements to produce the 
solid salt is 80,100 cals, per gram-moleeule of the salt. PoM and 
Pringsheim have observed the selective photo-electric effect of potass¬ 
ium, the frequency being vk== 0*685 x IQi®. From measurements of 
the atomic heat of iodine, it follows that the characteristic iodine 
frequency in the infra-red is 2*0 x 10 ^^^ Employing the square-root 
rule, with i¥ = 127, Haber calculates the ultra-violet frequency of 
solid iodine to Be Vj “ 0*9646 x 10^®. Hence, 
rY/i(0*5aq H- 0*6 vk) = 79,630 cals. 

The heat of union of K and 1=80,100 „ 

Hence, for the salt, iV'AvKi = 159,730 ,, 

From this result Haber calculates the ultra-violet frequency of the 
salt to be 1*654 x 10^®. Applying the square-root rule, in the inverse 
maimer, Haber calculates from this value the characteristic fre¬ 
quency of the salt in the far infra-red region. The result, expressed 
in wave-length, is 100 p. The value observed by Eubens (loc, cit,, 
1914) is 94*1 /X. The agreement is fairly good. 

Haber next considers the formation of sodium chloride. The heat 
of reaction between solid chloride and sodium is taken to be 94,600 
cals. The ultra-violet frequency of rock salt, obtained from disper¬ 
sion measurements, is 1*918 x 10^^ or 156*4 /xjyt. This corresponds 

with the value 185,200 cals, for the radiant energy re¬ 

quired to activate one gram-molecule of the salt. Subtracting the 
heat of formation from this quantity, we find the value of (O’Svd + 
0'namely, 0*9382 x 10^®, for half the sum of the frequencies of 
sodium and chlorine. On doubling this value and subtracting from 
it the ultra-violet frequency of sodium, which Pohl and Pringsheim 
Jiave found by experiment to be v^a —0*947 x 10^^* we obtain the 
''value voi = 0‘0294 X10^® for the ultra-violet frequency of solid 
chlorine. Haber uses this to calculate the density of solid chlorine, 
employing a relation of 'Lindemanu, and finds a number of the 
order'which would be anticipated. This, however, is not a rigid 
,'test.Haber, therefore, considers the two following reactions simuh' 
taneously,: ' E -i- Cl=KCl and Ha -f Cl == HaCi. , On subtracting; the 
j: second,equation from the first, we obtain: .' ^ ' 

f '' 'K + HaCl=KCUNa.' ' 

■ * The above valuers 'that quoted by Haber., The corresponding wav©-^ 

length is 317 Eocent naeasurements' by/Poh'l and Pringsheim,;however,' 
'give the value 340 lor the masqmuna of the selective photo-electric efie'ot of 
sodium (compare Hughes; ** Photo-eieetrioityp, 84).; 
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The correKpoiicling energy expressions are; 

^/([rK(n-0-5(,v + va)]-<?KC.. 

*^C’l)] *“ 4 /nr ('1 • 

which give on fttiLiraciion 

jV/i(l'|^Ol ■" ““ “h 0*5»/jsr^)== C^K<n ^A'afV 

If we now write V|^ =0*685 x 10^^ 1*918 x 10^^? =0*941 ^ 

10^'h we can caiculaie the nltra-violei frequency of icylvino. The 
value thus obtained is 1*8683 x 10^'*'^ or = 160*5 /a/^c, which is in 
excellent agreement with the value calculated by Martens from 
persion measurements, namely, 160*7 p/n 

Reviewing Haber’s treatment of the problem, it is evideiii. 
considerable doubt exists as regards the mechanism whereby 
the sum of the frequencies of the halogen and metal is introdnct^y 
although it is evident that the results obtained by this means atic,? 
ill good agreement with the observed values. On the basis of 
expression for the heat of a reaction, quoted at the beginning oi 
this paper, we should have expected the sum of these two qua nth 
ties, not half the sum, Haber^s concept of the mechanism of 
union of the halogen atom, with the atom of the alkali metal seems 
to involve a rather artificial mean stage, which is itself regarded 
as the starting point of the process. 

An alternative view might be taken of the mechanism, and this 
view has the advantage that it does not restrict us to the solid 
state only. If we suppose that the ultra-violet quantum, corre¬ 
sponding with the selective photo-electric effect, breaks the bond 
between two adjacent atoms, that is, activates two atornn in a 
chemical sense, then one quantum characteristic of sodium plus 
one quantum characteristic of chlorine serves to bring about the 
following reaction: 2]Sfa-H 2Cl~*2NaOL Hence the heat of fornia- 
tion, 20, reckoned for two gram-molecules of the salt, would l)e 
given by 

or the heat of formation of one gram-molecule is given by 

[Nhvii^^ - 0*5A'A(v£ift+ro)], 

which is simply Haber’s expression, without any assumption being 
made as to a mean stage. 


^ Dmociation of the Malogem. 

The dissociation of chlorine, bromine, and iodine may be com 
iidered before \he question of the formation of salts, as the data 
^:|'e«|uired fo\later calculations. 
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It will be 'Observed that the relation 

is identical with - (S,«,uitant8 “ 
where E stands for the critical increment as defined an previous 
papers. 

In the case of gaseous iodine and bromine, Evans [Astroflijii^. 

1910, 32, I, 291) has found that, on raising the temperature, 
the bands in the visible region finally disappear, the lowest 
observed temperature of disappearance being 950°. The tempera- 
ture of disappearance of colour is a function of the pressure of the 
gas, the greater the pressure the higher being the temperature of 
disappearance- In view of this behaviour, Evans has concluded 
that the disappearance of colour is due to dissociation into atoms, 
which evidently do not absorb in the visible region. The atoms 
must absorb either in the ultra-violet or the infra-red region. 

The heat of dissociation of the halogens is negative, heat being 
absorbed in the process. In order that Q may be negative, the 
critical increment of the reactant (molecular form) must be greater 
than the increment of the resultant (atomic form). Hence, on 
taking Evans’s results into account, and applying the radiation 
expression, we conclude that the critical increments of the atoms 
correspond with quanta in the infra-red region, Further, the 
heats of dissociation represent quantities of energy considerably 
greater than those obtainable from the infra-red region. It is 
obvious that, in the case of gaseous dissociation, the critical incre¬ 
ment of the reactant must exceed the observed heat of -dissocia¬ 
tion. If, howevei*, the critical increments of the resultants are 
small, as in the present case, the heat of dissociation cannot be 
'Very different from the critical .increments ' of the corresponding 
un.dissociated molecules. 

The observed heats of dissociation per gram-molecule at a fairly 
high temperature, that is, at a temperature at which the dissocia¬ 
tion becomes measurable, are in round numbers as follow: 
chlorine, -113,000 cals, (compare Pollitzer, Ahrens Sammlimg,’^ 
1912, 17, 434); bromine, —50,000 cals. (Bodenstein and Cramer, 
Zeituch. Blektrochern,, 1916, 22 , 327); iodine, -36,860 cals. 
(Bodenstein and Starck, ihid,^ 1910, 16 , 961). 

The Values ill the case of bromine and iodine are known with 
considetable/exa'Otness; that for chlorine is a rough'approximation 
only.. From ' 'Si'consideration ^ of' the^ ■ temperature' range’. at' which 
these,gas^' dissociate .aensiblyy .it, is "evident that,.,.we 'ere,.''dealing 
with,, high temperature, "reactions,,,.'that^ 'is, reactions,';WMcli'.'require 
larger’ quanta than those which correspond with the short infra- 
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red region. P'lirtlier, iodine dissociates more easily iliaii broiiiiiu* 
and bromine iriorc easily iban chlorine. We woUd expectj there 
forO;, that the critical energy, and hence the size of the eorres])oiKi 
ing quantum, would increase in the order: iodine, broniiriis 
chlorine. This sequence is also exhibited by the values of the 
respective heats of dissociation. 

To vsliow that radiation in the visible region is capable of sup¬ 
plying quanta of the necessary size, we may proceed in the follow¬ 
ing approximate manner. As indicated by its violet colour, iodine 
absorbs largely in the red end of the visible spectrum. Assuming 
that the characteristic wave-length is of the order 700/xp, ii follows 
that the critical increment per gram-molecule is 41,000 cals, in 
round numbers. This is slightly greater than the observed heat 
of dissociation. It is therefore a possible value. Similarly, if we 
take the wave-length 500 to be characteristic of bromine, this 
wave-length corresponding with absorption in the green region, we 
find the critical increment per gram-molecule to be 57,000 cals. 
This quantity is somewhat greater than the observed heat of dis¬ 
sociation of bromine. Owing to the very extensive absorption of 
both iodine and bromine throughout the visible region, it is 
impossible at the present time to ascribe the critical increment to 
any particular band. The investigations of ITassclberg and of 
Koneii (compare Konen, Ann. Phi/s, Ohem.^ 1898^ 65, 257) 

show that iodine possesses numerous bands in the visible region, 
The same is probably true of bromine, although a recent investiga¬ 
tion by Peskov {J, Phi/siail CJum.^ 1917, 21, 382) indicates a 
broad maximum at 436/x/x, with considerable abnorption down io 
600 /x/o In the case of chlorine, a well-defined band has been 
measured by Brannigan and Macbeth (T., 3916, 109, 1277) in the 
near ultra-violet occurring at X 327/xp. Peskov (/or. vii\) places 
the maximum at 334 /x/x. Taking Brannigan and Maebeilds value, 
ii is found that the critical increment of chlorine is 86,750 cals, 
per gram-molecule. This is considerably less than the value quoted 
for the heat of dissociation, but it is to be remembered that ilm 
latter is a rough approximation, and the quantity 86,750 la 
theoretically an tipper limit for tlie heat effect. We require the 
critical increments of the halogens in the gaseous state in dealing 
subsequently with the formation of salts. For this purpose, wc* 
shall employ the following average values; chlorine, 86,750 cals, 
per gram-molecule; bromine, 57,000 cals.; and Iodine, 41,000 cals. 

It may be mentioned that the process of dissociation of chlorine, 
bromine, and iodine is one which requires larger quanta than are 
required for the decomposition of the corresponding halogen hydr* 
The only exact measurements available in this coime|iott 
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refer to liydrogen. iodide, for wliicli the critical increment' per 
gram-molecule is 20,000 cab., a quantity which corresponds with 
the short infra-red region. 

II e a t o f F o r m a t i on of S a 11 h 

Potam iim Chloride, 

The characteristic ultra-violet frequency of this salt, as obtained 
from dispersion measurements, is 18*6 x 10"^^, or Ay = 160*3/x|ui. 
The value of the critical increment is therefore 175,960 

cals, per grani-molecule. As regards the critical increment of 
potassium, the maximum of the selective photo-electric effect occurs 
at A = 440/xjit., whence the increment is 64,517 cals. This amount 
of energy, on the view already suggested, represents the amount 
required to activate two adjacent atoms of potassium. The 
stoicheiometric equation requires oiie-lialf of this quantity. 
Similarly, the critical increment of one gram-molecule of chlorine 
or two gram-atoms of chlorine is 86,750 cals. The total critical 
increment of one gram-atom of each reactant is (64,517 + 86,750)/2, 
or 75,634 cals. Applying the equation 

it follows that (? = 175,960-75,634=+ 100,330 cais. in round 
numbers, whilst Q, observed (Thomsen) = +105,600 cals. Hack- 
spili Tables Annuelles/’ 3, p. 588) gives the value 99,650 cals, 
for the heat of formation. The agreement between observed and 
calculated values is moderately good. It may be mentioned that 
if the square-root rule had been employed, with Jf = 74*5, in the 
ease of the salt and the infra-red frequency as determined by 
Eubens, the critical increment per gram-molecule would have been 
164,000 cals,, which is somewhat lower than that obtained from 
dispersion measurements. As regards the observed heats of forxna- 
tion of salts, it may be pointed out that the values given are hr 
general obtained indirectly, so that the result is liable to a certain 
amount of error, 

Poinuium Bromide. 

The characteristic infra-ied band, as observed by Eubens (com¬ 
pare Eubens; and won Wartenberg, Sitznngsher. A* AMd. IFw., 
.Berlin^ 191,4, "169), occursat ^ A =82*6p. Measurements:;of the 
molecular heat of the salt' require the wave-length 82*4:/x,;(Nernst, 
Ann, 'Phifsih^, 1911,’ [iv], .3'6,,' 395)';In \ the/''Hernst-tiudoman^^ 
formula,' that 'a:s'0''036;X 10,^'V' "XTsing/the aquarwoot rale,and: 
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tlie normal molecular weight of the salt, the ultra-violet freqiieiicy 
vy — 16*67 X 10^^, or Ay = l80/.t/x, Hence the critical increment, 
Nhv^-sri per gTam-molecuie is 157,700 cals. As before, the energy 
required for two gram-atoms of potassium is 64,517 cals. For 
bromine, the critical increment for twO' gram-atoms is 57,000 cals. 
Hence for the formation of one gram-molecule of the salt, the total 
critical increment of the reactants is (64,517 + 57,000)/2 ===60,758 
cals. Hence 

Q ^ 157,700 - 60,758 = + 96,940 cals. 

The observed heat of reaction between liquid bromine and solid 
potassiiim is 4-95,310 cals. The calculated value refers to gaseous 
bromine, so that it is necessary to add the heat of vaporisation of 
broinine, namely, 3500 cals., to the observed value, thereby obtain¬ 
ing the qu.antity 98,810 cals. The agreement between calculated 
and observed values is moderately good. 

Sodium Chloride, 

The observed infra-red band of the salt occurs at 52)4.^ 
value 51/X is required to account for the molecular heat (compare 
Nernst, for. cit,). The infra-red frequency is therefore 
0*0577 X 10^^. Using the square-root rule and the normal mole¬ 
cular weight of the salt, the ultra-violet frequency tv = 19*27 x 10^^, 
or Ar = 155/qx, which agrees excellently with the value calculated 
from dispersion measurements. It follows that the critical incre¬ 
ment, per gram-molecule of the salt is 182/290 cals. The 

critical increment of two atoms of sodium is obtained from the 
position of the selective photo-electric effect which occurs at 
A = 340j[it/A, or ^-S’S X the value of the inci'ement being 
83,250 cals. Hence the total critical increment of one gram-atom 
'.of sodium and'one gram-atom of chlorine is (83,250 + 86,750)/2, or 
85,000 cals. Hence, 

.. <3 = 182,290-85,000 = 97,290 cals. 

{observed). . =97,800 „ 

'The agreement is"good." 

, It has already ^ been pointed ^ out /that Haber „'demonstrated. the 
validity, of''the/heaF exprh^ibn'^^ with thfe 'substance. 

Haber .co,nsiders the reaction as tahihg place 'between ■ the element.s 
in the'solid'; of) ,ihe 

square-root rule to calculate the characteristic ultraviolet fre- 
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qiieiicy. On the other hand, considering the reaction between 
gaseous iodine and solid potassium, and employing therefore the 
value 41,000 cals, for the critical increment of two gram-atoms of 
iodine- vapour, the agreement between the observed and the calcu¬ 
lated heat effect is far from satisfactory. "We are dependent, of 
course, upon the correctness of the infra-red characteristic fre¬ 
quency of the salt, which has been observed to occur at 
XV =0'0319 X Using the square-root rule and the normal 
molecular weight' of the salt, we obtain for the ultra-violet fre¬ 
quency the value 17'45 x 10^^, or A,; = 172p/;c, whence Nhvj^i ^ 
165,077 cals. Employing the values already given for the critical 
increments of solid potassium and iodine vapour, the calculated 
heat effect is 112,320 cals., whilst the observed is 83,100 cals. The 
discrepancy is very great. If we ein|)loy ■ one-half of the normal 
molecular weight of the salt in the square-root rule, we obtain, 
finally, the value 63,680 cals, for the calculated heat of the reac¬ 
tion. This is, now, considerably less than the observed value. 
There does not appear to be any justification, however, for this 
mode of calculation in view of the results obtained in the case of 
the other alkali haloids, in which the normal molecular weight of 
the salt is employed. The agreement obtained by Haber rests on 
the fact that in the case of iodine he applied the square-root rule 
to the infra-red frequency given by Lindemann’s melting-point 
formula. The resulting value for the critical increment for solid 
iodine is 91,300 cals. The value which we have taken for gaseous 
iodine is widely different, namely, 41,000 cals. 

It may be pointed out, however, that the value Xy — 172/x/i for 
the IIItra-violet wave-length of the salt—a quantity which is 
employed by Haber and by the author—is almost certainly in¬ 
correct, as it involves a breaking down in the expected sequence 
of the chloride, bromide, and iodide. Thus, since =:160‘7|i/ji 
and AjcBr—ISOp/i, we should expect Aki to lie somewhere in the 
region of 200If we take the observed value for the heat of 
formation, together with the critical increments of solid potassium 
and gaseous iodine already employed, we can calculate the critical 
increment of the salt. The value thus obtained is 135,860 cals, 
per gram-molecule. It follows from this that the ultx’a-violet fre- 
;:qu6ncy' of,The salt is 14’4xl0i^, or A ki = 208 , This value, 

’.occupies,.'roughly,, the expected position with respect tO',potassium 
chloride",,and potassium bromide,’ but at the present time 'thereus, 
no means of further testing its accuracy. Taking this value to be 
correct, and. 'applying the square-root', rule 'in, the. inven:e','sense^,,;#e 
,'find that;the'chara.'cteristicrn.fra-red,waye-lerigth'is,.ll5.p'..,''\,.,'^^^^ 
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Silver Chloride. 

Tlie observfsd infra-red band of the salt occurs at A —81*5/x* 
Hence = 0*0368 x Using the square-root rule and the 
normal molecular weight of the salt, we obtain for the ultra-violet 
frequency = 18*66 x 10^^, or Ai!=160fi,jU. That is, NJiv^^qi «« 
166,520 cals. For silver, the infra-red frequency given by BiltK 
(Zeitsch. BleMrochtm.y 1911, 17, 676), on the basis of the Linde- 
maim melting-point formula, is 1 ^ = 0*0436x10^^ (compare also 
Lindemann, Ber. JDeut. fhysilcal. Ges.^ 1911, 13, 1114). Using 
the square-root rule with Jf=108, we obtain for the ultra-violet 
frequency 1 ^ = 19*23 x 10^-^, or Ay = 166/x/ji. The corresponding 
value of Nhv^^ is 182,016 cals, for the activation of two gram- 
atoms. Hence the total critical increment of one gram-atom of 
each of the reactants is (182,016-1-86,750)/2, or 134,383 cals. 
Hence © = 166,520--134,383 = 32,140 cak, whilst ©, observed 
(Fischer, Zeitsch. Flehtrochem., 1912, 18, 283) =29,940 cab. The 
agreement is moderate. ; 

Silver Bromide. 

The observed infra-red band of the salt occurs at 127 ja, or 
Vf =0*0266 xlO^i Proceeding as in the previous case, the ultra¬ 
violet frequency is 15*48x10^^, or Ay=194fija. Hence =« 

146,440 cals. From the data already given, it follows that the 
critical increment of the reactants per gram-atom of each is 
(182,016•f57,000)/2 = 119,508 cals. Hence the heat of formation 
© = 146,440 —119,508 = 26,930 cals, in round numbers. The 
observed heat of formation for liquid bromine and solid silver is 
22,700 cals. Hence for the reaction involving gaseous bromine 
the observed heat is 26,200 cals,, which is in good agreement with 
the calculated value. In all cases, the calculated heat effect is a 
relatively small difference between two large quantities. It is not 
to,be expected, in general, that the result can be an accurate one. 

Silver Iodide. 

The characteristic infra-red band, of this salt has ,iiot yet been 
/measured.' It'is possible, however, to'Obtain a moderately exact 
', value ^ by comparing the observed values of the three thallium 
haloids with the two silver haloids, all of which have been measured 
by"Eubena These are" as follows: TlCl, 91*6/x'; TIBr, U7*0'/x:;' 
Til, 151*8'jx. For the silver haloids: Agd, 81*6AgBr, 
T,12*;7,^, On: plotting these figures, . the lines rmi' apprqxim- 
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ately parallel, and an extrapolation indicates A = 146 |i.' for 
silver iodide. TMs value is probably correct to ±5 per cent, 
Tbe infra-red frequency is therefore 0*0207 x 10^^. Using ' the 
square-root rule and tlie normal molecular weight of tlie salt, the 
ultra-violet frequency is 13*46x10^^, or Atj = 223|x/i. Hence, 
NkvxKi =127,332 cals. Eniploying the values already obtained 
for silver and gaseous iodine, the total critical increment of the 
reactants per gram-atom is (182,016 -f41,000)/2 = 111,608 cals. 
Hence the heat formation Q =127,332 — 111,508= + 15,820 cals. 
in round numbers. The heat of formation of the salt from the 
elements in the solid state has been accurately measured by Fischer 
(loc: cit,), the value being +16,100 cals. Taking the heat of sub¬ 
limation of iodine to be 3000 cals, per gram-atom, the observed 
heat of the reaction involving gaseous iodine is 18,100 cals., which 
agrees approximately with that calculated on the radiation theory. 

It will be observed that in the above calculation we have made 
use of the value 41,000 oals. for the gram-molecular increnient of 
gaseous iodine. Had we employed the value 91,300 cals, obtained 
from the infra-red hand by means of the square-root rule (whicb 
Haber has employed in the case of potassium iodide), the heat o-f 
the reaction between the solid elements calculated on this basis 
would have been a negative quantity, namely, —9300 cals., in place 
of the observed positive quantity, +16,100 cals. This further 
emphasises the difficulty met with in the formation of potassium 
iodide. The result serves to throw still further doubt on the value 
172 aa being the ultra-violet wave-length of potassium iodide. 

; Thallmm Haloids, 

Thallium Chloride, —^Direct measurement of the infra-red band 
of the salt gives the value X = 91'6/x, or v.,. = 0*0327x 10^^. Using 
the square-root rule and the normal molecular weight, the value 
obtained for the ultra-violet frequency is' 15*62x10^^, or 
Av = 193ja/x, Hence =1^6,820 cals. For thallium metal, 

Blitz (loc, ck^), gives the value 0*0184 x 10^-A Using the 
,/square-root rule, the, ultra-violet ' frequency Vi; = lT15 x 10^^, or 
' Av.==^269 jx/i. The value of Nhv'n for two gram-atoms of the metal 
;is therefore,' 105,480 cals. ' Hence the critical increment , of ,th6, 
reactants> per gram-atom, is (105,480+ 86,750)/2 = 96,115 cals., and 
the heat; of' formation §, = 146,820 - 96,115 = 50,700' cals, in^ round) 
numbers.' The observed heat of formation'is 48,600 cals'.The"^''' 
agreement is' satisfactory.' ■ ,' . ''', 

, Thallium Bromide,—Tlhid infra-red .'band occurs 'at, A'='117'ja, or 
''i/> =0*0256 X lO^^v' Using, the.'square-rootrule and the normal 
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mokcular weigiit, we obtain for v*, the valite 18*3x10^'^, or 
Hence Nhv^, ==173,120 cals. The critical increment 
of tballinm and of bromine have already been given. Tbe total 
critical increment of tbe reactants is (105,480 +57,000)/2, or 82,240 
cals. Hence = 173,120-82,240 = 90,880 cals. The observed heat 

effect for the reaction involving liquid bromine is 41,300 cals., and 
therefore for gaseous bromine 44,800 cals. The discrepancy is 
very great. 

Thallium .—The infra-red band occurs at 151*8 p, or 

i/y. = 0*0197 X 10^^. Using the square-root rule and the normal mole¬ 
cular weight of the salt, we obtain v.y = 15*21 x 10^^, or A,, = 197 
Hence iV/iFTii =143,890 cals. The critical increment of the 
reactants is (105,480+ 4i,000)/2 = 73,240 cals. Hence(? = 143,890- 
73,240 = 70,650 cals., whilst Q, observed, is 30,200 cals. As this 
refers to solid iodine, the observed value for the reaction involving 
gaseous iodine is 33,200 cals. The discrepancy is even greater than 
in the case of the bromide. 

It has already been pointed out, however, that the values 
obtained for the ultra-violet frequencies of the thallium haloids 
suggests that the square-root rule should be employed in conjunc¬ 
tion with half the molecular weight of the salt, in order to give 
the correct sequence in the ultra-violet frequencies of the three 
salts. Carrying out the calculation, we obtain the following 
results: 

Thallium Chloride. —=15*21 x 10^^, or Ai, = 197;i^. Hence 
Nhv for the salt is 143,890 cals., and therefore <3 = 47,780 cals., 
whilst the observed value is 48,600 cals. 

^ Thallium Bromide. —= 12*93 x 10^^, or A,,.=232/x|a. Hence 
iV/iv for the salt is 122,320 cals., and therefore <3 = 40,080 cals., 
whilst <3/observed, is 44,800 cals. 

Thallium Iodide. —i+,i =10*76x10^^, or A,. = 278/xj[ji. Hence 
AAv= 101,790 cals,, ,and therefore <3 = 28,550 cals. The observ6fH';'^ 
value',is 33,200 cals. All three, thallium haloids exhibit'satisfac;- 
'tory, agreement between the observed and calculated heats, nC' 
Tormation, on the assumption that one-half' of the'molecular weight 
" should'be employed i,n conjunction with the square-root rule. This 
is scarcely likely to be accidental, although no 'reason for the choice 
nan as yet be given, ; . ^ 

Lead Chloride. 

The characteristic infra-red band, of load chloride has been 
observed by Rubems at Ar=9r0/x, that is, v,. = 0*033 x 10^'i Using"',,,; 
'tile, normal molecular weight, we obtain for, the ultra-violet',fre-, 
quency;,'=,23*33 X10^'^, whence'the critical increment p'er graniy*/' 
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molecule is 220,700 cals. Tlie infra-red frequency for metallic lead 
is 0’0195 X (Nernst, Joe. cit.)^ whence the ultra-violet frequency 
is 11*9 X or Xi,—252 /rft; whence the critical increment of two 
gram-atoms is 112,574 cals, and the increment per grain-atom is 
56,290 cals. The critical increment per gram-molecule (CL) is 
86,750 cals. Hence the heat of formation of one gram-molecule of 
lead chloride is 220,700 - (56,290 4-86,750) - 77,660 cals. The 
observed heat of formation (involving gaseous chlorine) is +85,670 
cals, according to Braune and Koref (Zeitsch. Mehtrochem.j 1912, 
18, 818), and 85,380 cals, according to G-iinther (ibid., 1917, 23, 
197), The agreement is only approximate, the discrepancy being 
due probably to error in the value taken for the critical increment 
of the salt. Assuming the observed value of Braune and 
Koref, we can calculate a ' corrected ’ value for the critical incre¬ 
ment of the salt, namely, 228,610 cals. By applying the square- 
root rule, we find the infra-red frequency to be 0*034 x 10^^, or 
Ar—89*2/x, which is not greatly different from that observed by 
Eubens (91*0 /x). This illustrates how sensitive the final value for 
the heat effect is to error in the infra-red frequency. 

Mercunc Chloride. 

The infra-red band of the salt occurs at 95 /x. Employing the 
normal molecular weight, the ultra-violet frequency is found to 
be 22*06 x or Ay = 136 /x/x. The critical increment is therefore 
208,690 bals. per gram-molecule. The corresponding quantity for 
one gram-molecule of chlorine is 86,750 cals. Lindemann (Zoc, dt.) 
fmde the infra-red frequency of mercury to be 0*022 x whence 
the ' ultra-violet frequency is 13*2 x 10^^, or Ay = 227 |x/x. ' Hence the 
critical increment of mercury is 124,872 cals, for two' gram-atoms, 
or 62,436 cals, per gram-atom. The heat of formation per gram- 
!riolecule of mercuric chloride is tberefore 

208,690(86,750 ^>2,436) rr-r>9fH)4 cals. 

The observed heat of the reaction between liquid mercury and 
gaseous chlorine is 53,300 cals. Lindemanii’s value for the infra¬ 
red frequency refers to solid mercury. On correcting for the latent 
heat of fusion, the calculated heat of the reaction is 59,000 cals. 

Mercurous Chloride. 

' Let us'assume,; in the first place, that the molecule of the salt is 
reprCfsented by"‘HgCl.''' The observed infra-red band is. 98*8 /x, or" 
;,f/, = 0'0;304 X , ' Using ' the normal molecular weight, 'we' find 

iy; =19*76 X or Ay = 152,p/x, whence the increment is ,186,930' 

' ' ' X 2 ' ^ 
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cals, per gram-molecule. The critical increment per gram-atoim of 
morcnry we have alx'eady taken to be 62,436 cals., the correspond¬ 
ing quantity per gram-atoiyi of chlorine being 43,375 cals. Hence 
the heat of formation of the salt is 186,930 —(43,3754-62,436) = 
81,120 cals. The observed heat of formation (Nernst, Zdtseh, 
fjhysikal. Ghem,, 1888, 2, 23) is 31,300 cals. The discrepancy is 
very great. 

Let us now assume that the salt is represented by the formula 
HgoCIg. Using the square-root rule with this molecular weight, we 
find i.».y = 27*97 X10^^, or A^^lOTp/x. Hence the increment is 
264,600 cals. The reaction is now represented by 2Hg 4 CI 2 == 
Hg 2 Cl 2 , hence the critical increment of the reactants is double the 
value given above. The heat of formation is thus calculated to 
be 264,600 —211,620 = 63,000 cals, in round numbers. As the 
observed heat of reaction refers to one-half the quantities here con¬ 
sidered, it is necessary to calculate the heat effect per gram-atom of 
mercury, namely, 26,500 cals. This is in much better agreement 
with the observed value than the result obtained by the previous 
method. It appears, therefore, that the correct formula is HggGlg, 
and not HgCl, a conclusion which is borne out by imeasurements on 
the salt in the dissolved state. Employing the observed value for 
the heat effect, we can calculate a' corrected ^ value for the increment 
of the salt, namely, 274,000 cals, in round numbers. Thence^ 
calculating backwards, we obtain the value v,.=0*0302 x 10^^, or 
Aj. = 101 /A, for the salt, which is not very different from the observed 
value (98’8 |a). 

The Eeaction: Pb 4 2AgCi ==: PbCl 2 4 2Ag. 

Tlie heat of this reaction per gram-atom of lead is, according to 
Magnus {ZeiUeh. Mekirochem.,, 1910, 16, 273), 24,590 cals. As we 
have;already obtained the critical increments for the substances^^ 
participating in this reaction, it -should be possible to calculate'the 
'll eat effect. Tlius: ‘ ' //'v-''; 


Increment for two gram-molecules of AgQi... !»2 x 160,520 cals, 

on© gram-atom of lead .« ' 60',290 


, Hence, total critical increment of re¬ 
actants ..'.... ' =s 689,330 calM. 

Increment for one gram-molecule of PbClg ... = 228,610 

„ two gram-atoms of .silver d..., = 182,016 


Hence, total critical’ increment of re¬ 
sultants ..... = 410,626 cals. 


' ; Hence ,''@= 410,626--389,330= 421,300 cals, in round iminbcrs. 
^This is o| the.'.oorrect 'ordor-of ^magnitude, and the result is gatisfac- 
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tory ill view of tli© fact tliat we are dealing with a small difference 
between two- very large quantities. 

The Beaction: Pb + HgoCh = PbCI. + 2Hg. 

Proceeding as in the previous case, we obtain: 


Increment for one gram-atom of lead . = 56,290 

,, ,, gram-molecule of HgoCL... =274,000 

Hence, total critical increment of re- ——— 

actants ... =330,290 cals. 

Increment for one gram-molecule of PbCl 2 ... =228,610 

,, „ two gram-atoms of merciuy ... =124,870 

Hence, total critical increment of re- - 

sultants ... ' =353,480 cak. 


Hence, Q = 353,480 ~330,290 = 23,190 cals. 

The value observed is 21,800 cals, approximately, Gliuther {lac. 
cit.). The agreement is satisfactory, especially as the critical incre¬ 
ments are very large. 

Silver Cyanide. 

The heat of formation of this salt from silver and gaseous cyano¬ 
gen, as determined by Thomsen, is 1393 cals, per gram-molecule. 
This quantity is sO' small that it would be impossible to calculate it 
with any degree of precision by the method employed in previous 
cases. Ill addition, the question of the critical frequency of cyano¬ 
gen is ill feDi involved state (compare Grotrian and Runge, Physikal. 

15 , 545). We may use the available data to calcu¬ 
late the critical frequency of cyanogen. 

Rubens and von Wartenberg Qoc. cit.) have observed the infra-red 
band of silver cyanide at A,. = 93p approximately. That is, 
0*0323 X 10^^, and employing the square-root rule in conjunction 
with the normal molecular weight of the salt, as we have done in the 
case of the silver haloids, we obtain 15*86 x 10^*^ for the ultra-violet 
frequency, and A.y = 189 /jt/i. Hence the critical increment per grarti- 
jnolecule is 150,000 cals. The stoicheiometric equation considered 
is Ag-|-,GN='AgGISr. We have already seen that the increment of 
one gram-atom of silver is 91,010 cals. The heat of formation being 
1393 cals., the total critical increment of the reactants is (150,000 -— 
1393) cals. On subtracting the value for one gram-atom of silver, 
we-, find that the critical increment of the cyanogen, group is 57,600'^ 
cals., or for one gram-molecule, of cyanogen the value is 115,,200^cals. 
Hence the frequency is 12:2'xl0^^ or'A,, '246 ''''the; author is 
■unaware whether', any'measurements have been carried out'with'' 
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cyanogen in this region of the spectrum. In the process considered, 
the energy term, 115,200 cals., is that required to break the link 
between the two 'carbon atoins in the molecule (CN)^, thereby 
giving rise to two nascent groups of monocyanogen. This is quite 
distinct from the mechaiiisiu involved in tlie dissociation of gaseous 
cyanogen into carbon and nitrogen, in which the carbon-nitrogen 
linking is broken. This would probably require a very different 
am oiu.it of energy. 

Stimmar//. 

1. In spite of the fact that many of the available data are iiiac- 
curate and iiiconiplete, the foregoing consideration of high-tempera- 
tiire reactions indicates that the radiation expression is borne out 
in a fairly satisfactory manner. 

2. The following table contains the observed and calculated 

values of the heat effects in those cases in which the necessary data 
are available to permit of the complete calculation being carried 
out. For the reactions considered the heat effect is in all cases 
|>ositiv©, that'is/heat'is evolved. v;,,; 

/.Heat.e:ff©cfc per gram-atom of 
''-tetreactant.." . 


Reaction. 

Q observed. 

Q ealcnlattvi. 

K-i-Cl — KOI.'.. 

( 105,600 \ 

! 99,650 i 

100,330 

K+Br —. KBr.. 

98,810 

96,940 

Ha+CI —V NaCl . 

97,800 

97,290 

K+I — KI .. 

88,100 

112,320 r 

Ag-pCl AgCl .■. 

29,940 

32,140 

Ag4-Br —v.AgBr .... 

26,200 

26,930 

Ag+I — Agl ... 

18.100 

15,820 

TI-pCl — TiCl.. 

48,600 

47,780 

Tl + Br TlBr 

44,800 

40,080 

T 14.1 Til.......;.... 

:J3,200 

28,550 

m~\-Ch -- I'bCL. 

85,670 

' 77,660 

Hg-f ci; Hgci;...,. 

53,900 

59,000 

Hg+cr— iHgA ... 

:n,3O0 

26,500 

Pb4-2AgCl — ,Pba:,4-2Ag.. 

24,590 

21,300'. 

','Pfo4-%sCb -- 'PbC4+2Efg . 

'21,800 

23,190 ■ 


'.".In. a subsequent paper it us proposed to 'consider the data gvail-' 
.''able"in. connexion, with reacimns which proceed at .a sensible'velocity 
'at the; ordinary temperature, that is,'reactions'-which require quanta 
'belonging,to the short infra-red, region' to 'supply the energy neces¬ 
sary for the critical increments. 

MusPBAir Labobatoey' of Fhysicai:. anb 
EnECSTBO-OHBMISTKY, 

, , ' 'IJotvbbsity of LrvBiGPOor.. IRecewedf October 1917.] 
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The Relation Between Chemical ' Constitution and 

Physiological Action. 

A Lecture delivered before the Chemical Society on December 6th, 

1917. 

By FiiANK Lek Pvman. 

The study of the relation between chemical constitution and 
physiological action is a branch of reseai*ch which has a definite 
place in the investigation of medicinal substances. Chemical 
research on a drug begins with the attempt to isolate the prin¬ 
ciple tO' which its physiological action is due, and when this has 
proved successful the next step is the determination of the con¬ 
stitution of the active principle by analytic and synthetic methods. 
The knowledge is thus gained that some compound of known 
chemical structure has a particular physiological effect, and the 
way is then clear for the study of the relation between chemical 
constitution and physiological action by the preparation of a 
number of substances related to the parent compound and com¬ 
parison of their actions on the living organism. The history of 
quinine affords an illustration of this sequence. Cinchona hark 
was employed as a remedy for malarial fevers in the fifteenth 
century. Later on, the alkaloid quinine was isolated, and recog¬ 
nised as the chief active principle of the drug. Chemical investi¬ 
gation eventually established the structure of the alkaloid, and 
attempts have since been made to improve, or vary, its medicinal 
properties by slight alterations of the molecular structure, such 
as reduction of the vinyl group and replacement of the niethoxyl 
by higher alkyioxyl groups. Moreover, a number of compounds 
with the following general formula have been synthesised, which, 
" ' , ' ' ' . ■ ■ , ' ' '' ' 

6H(nH).CH/NRR' 

in common with quinine, are distinguished as powerful febrifuges 
combining a low toxicity to man and a high toxicity to infusoria 
;and paratacecia.,. / .' 

,The study qf. the relation between 'chemicalConstitution and 
’ physiological', actioh may. /have 'various' objects,. .philosophic or 
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practical. From the purely scientific point of view, it is of great 
„ interest tO' determine the change in physiological action resulting 
from modification of' the' chemical structure o:f, an active com|X)und 
and to elucidate the groups'within its molecule to'which its pre¬ 
dominant physiological action is due; whilst,, from the 'practical 
standpoint, the work may be directed' to, the physiological, 
chemical, or physical improvement ■ of a drug—for instance, it may 
be desired to eliminate some undesirable secondary effect wliile 
niaintaiiiing the chief physiological action of the drug, or to pre¬ 
pare a derivative more stable or more soluble than the parent 
compound. 

The relation between chemical. constitution and physiological 
action has a significance in the discovery of new drugs similar to 
the relation between chemical constitution and colour in the dis¬ 
covery of new dyes. In the latter case, however, a single physical 
property, the absorption of light of different wave-lengths, is 
studied; whereas the term physiological action has no simple 
meaning, but covers any action on the living organism. The 
bactericidal action of phenol, the hypuotic properties of diethyl- 
barbituric acid, and the local ahsesthetic action of cocaine are efe 
araples of physiological action which are no more comparable with 
one another than are the chemical structures of the three drugs. 
Moreover, it should be borne in mind that the same superficial 
signs of physiological action may be due to different causes. Purga¬ 
tion, for instance, is caused by saline cathartics, such as magnesium 
sulphate, which act by increasing the bulk of fluid in the intes¬ 
tines; and by vegetable purgatives, such as derivatives of anthra- 
quinone, which act by irritating the epithelium of the intestines, 
thus promoting peristalsis. The difficulty of generalisation in the 
relation under discussion may be instanced by the effect of intro* 
"ducing a methyl ' group into the ortho-position of a phenol, 
,w:her6, in the case of the parent compound, the resulting o-cresol 

a more 'powerful germicide than phenol, whilst, a similar substi¬ 
tution in p-hydroxy-i8-phenyIethylamine leads to a substance, 
4-hydrexy-^-m4olylethylamine, which has only one-half of the 
pressor properties ' of , the parent compound. The subj'ect'' of this 
paper''must therefore be subdivided eventually into a number of '• 
fragments on the relation between chemical constitution aiirl a 
particular physiological effect; but before proceeding with these, 
some general remarks on the action of drugs may be made. 

;; ' An example of physiological action which everyone can 
'appreciate without special knowledge is the effect of certain volatile 
compounds on the terminations of the olfactory nerves, prodiici'Ug/ 
-the. sense of smell Many compounds of similar constitution have 
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the same type of smell—for instance, the lower fatty acids, whilst 
each member may have a specific odour—which, in this particular 
case, serves to , distinguish the individnal members from formic 
to valeric acids. Sense of taste also provides an occasional means 
of discrimination, not only between side chains of different lengths 
-p-ethoxyphenylcarbamide , (dnlcine) being sweet, whilst the 
higher alkylphenylcarbamides are not—^bnt also in certain 
cases between stereoisomerides—rJ-histidine, for example, tasting 
sweet, whilst ^-histidine is tasteless. It is noteworthy that stereo¬ 
chemical influences often have profound effects on the physio¬ 
logical actions of quite different classes of compounds, particularly 
in actions on nerve-endings, as Cushny has pointed out (Lancet, 
September 9th, 1916, 459); thus, Z-hyoscyamine has about 100 
times the mydriatic action of the ^ftyariety and Z-adrenaline has 
many times^ the pressor effect of d^aclrenaliiie. In the case of 
pilocarpine, which contains two asymmetric carbon atoms, a change 
of sign of one of these results in the formation of the stereoisomeric 
isopilocarpine, which has only a fraction of the activity of pilo^ 
carpine itself. The asymmetry of a nitrogen atom may also con¬ 
dition a difference in physiological action; when Z-canadine is 
methylated, a mixture of the a- and iS-methocMorides is obtained, 
the isomerism of which is due to the asymmetry of the nitrogen 
atom; these produce a typical curare effect (paralysis of nerve 
endings in voluntary muscle) in the frog, the iS-salt being, how¬ 
ever, twelve times as powerful as the cc-salt. Stereoisomerides, 
however, do not always show large differences in physiological 
action, even in actions on nerve-endings; d- and Z-homatropine 
differ little from each ott and ^^'-homatropine in mydriatic action, 
whilst df»cocaine, a stereoisomeride of natural Isevorotatbry cocaine, 
has A local ah 0 BSthet^^^ action which, although quicker and more 
:^.dnten.sej''is jalso'/more, evanescent than that of cocaine. 

Very little is known about the cause of the variation in the. 
.physiological'actions, of stereoisomerides,'Jmt recently an explana-' 
y\'tion has been suggested ■ by Windaiik (Wachr, I{, 

';J.ri}Uingen, 1916, ,301) for the^ different physiological, behaviotir of 
,th'e stereoisomerides and c-cholestanoL These compounds differ 
greatly 'in, their power of .inhibiting the haemolytic action of 
saponins, such as digitonin, the former having this property in a 
high degtee, whilst the latter has only slight preventive proper- 
the'^ has been found to combine ,with^ 

' digitoniii, tO', ;,,;,give"; am almost inactive additive ■ product,','whilst'; 
, e-oholestanol do' 0 s,mot combine with digitonin. 

', This , case is' of'special importance, because, of the, close relatio,n 
of , the eholestanol'9 "to cholesterol,; a " 'constituent 'df 'hh© ..living,' 
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organism; ifc may he that a similar dift'ereiice in tiie ability of 
stereoisoiiiericles to combine with constituents of tlie nerve cells is 
tlie cause of tlieir different action in other cases also. 

A point to be considered in connexion with the relation between 
clieiiiical constitution and physiological action is the effect of the 
physical and chemical properties of the substance on its distribu¬ 
tion in the organism. The influence of physical properties, such 
as solubility in different media, may be of great importance, as 
in the case of hypnotics, where Meyer and Overton found that the 
narcotic effect of a series of aliphatic compounds on tadpoles was 
proportional to the partition coefficients of their solubilities in oil 
and water. An indication of the effect of chemical properties on 
the distribution of drugs in the organism was afforded by the 
work of Ehrlich (compare ‘‘A. Leyden-Eestschi'ift/’ 1898). He 
showed that basic dyes, such as methyleiie-blue, stained the grey 
nerve substance, whereas their sulphonic acids did not, and this 
difference suggested that -bases, which are liberated in the blood¬ 
stream by the alkali, are extracted by the nerve substances, whilst 
their sulphonic acids remain in solution as alkali salts. Similarly, 
the facility with which an alkaloid is extracted from aqueous 
alkaline solutions by immiscible solvents may reasonably be sup-^^ 
posed to affect its distribution in the organism, and Ehrlich gave 
examples of the change of action when certain basic drugs are 
converted into derivatives containing a free acid grouping or into 
quaternary salts.,' ' 

In the case of alkaloids, it is a general rule that the introduc¬ 
tion of a free carboxyl group into the molecule profoundly modifies 
the physiological action of the parent compound. Benzoylecgonine, 
of which cocaine is the methyl ester, has no local anaesthetic action; 
quitenine, the acid obtained by oxidising the vinyl grbup of quinine 
to a carboxyl group, is non-toxic, but regains its toxicity on 
ethylation; the lactone pilocarpine becomes inactive oii the addi¬ 
tion of a molecule of,alkali hydroxide, which'forms the alkali saB'- 
of the corresponding hydroxy-acid, whilst a similar loss of physio¬ 
logical activity is shown by a series of tropeines containing a 
lactone group, which lose their atropine-like action on the addition 
o'f a,molecule,of alkali'hydroxide.. 

The formation of quaternary''salts','likewise, very Jargely affects 
the physiological properties' of, .alkaloids^ and was .the subject of 
study many, years ago by Cturn-Brown and''Fraser.To give.,, an 
example from'more recent work,.'Laidkw' 1910/^5, 

243) found that 0,.: 7-dimethoxy-3:4-di'hydrowoquinoHne ;(I) 'had a 
. strychnine-like/effect, whilst its'methochloride (II); was devoid of 
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tliis property, which, however, reappeared in its reduction product 
6:7”diinetlioxy-2--inethyltetrahydron‘oquinoliaie (III). 


VE 

MeO^ JCE., 

OH, 

(t.) 


CH 

AleO^ )s )CH.^ 

" OH, 

(ir.) 


OH, 


MeOf Y ^NMe 
OH, 


(in.) 


A niniilar relation was- obserwed with papaverine (IV), its metho" 
chloride (V), and the reduction product of the latter, laudanosine 


"G 

MeO. 


(:H,-0«H3(OMe.), 


(3(I,-C.,n,(OMe), 

c 


\/\^ 

CH 

(IV.) 


OH 


Meo/y/%NMe01 

hn 

(V.) 


9H,*(\,H3{()Me), 

Oil 



(VI-) 

(VI); here also the tertiary bases virere characterised by strychnine¬ 
like action, which was not obtained with papaverine methochloride, 
Having directed attention to the complication introduced into 
the relation under disouasion by the effect of physical and chemical 
',:'Vproperties oh,the distribution of drugs, we may now consider certain ■ 

0 diffichlties''of'generalisation. We have seeri that certain compounds ' i.'v 
"closely allied Jn , chemical'constitution differ remarkably iu> their" ; 
'action, and'we find, bn the other'hand, groups of substances which'',';:; 
, are ,'almost, indistinguishable physiologically, but have little in 
' cO'iiimon fro.m the point of view of chemical'constitutionO'ne such';:: 

group is formed'by the alkaloids nicotine,, lobeline, and cytisine^;';'"; 
^/inother by 'muscarine, arecolinte', .and pilocarpine. Experience has'-,'' 
shown, however, that the members of a group of chemical conir 
pounds of similar constitution often resemble one another in 
physiological action, and in such cases it is of interest to observe 
the effect of slight alterations in chemical structure. Many'such, 
investigations have been' carried’ out, and will be known:'tO'',you', 
To-night I shall coniine, my. attention to'a few''lines'',o;f/work ih/,;' 
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tMs field wMch. liave been carried out or materially advanced 
witMii the last ten years, selecting especially those with which the 
Wellcome Biseaxch Laboratories 'have been associated. 

Tt*opeines, 

The componiids known as tropeines are the acyl derivatives oi 
the ainino-alcoliol tropine. Atropine, the parent member of the 
group, is the dZ-tropyl ester of tropine, and readily yields this siib- 

CHs—CH—CH, 

NMe 6s-0‘C0-CHPb'CH^-0H. 

CHj—CH—OHa 

stance on hydrolysis. By esterifying tropine with other acids, 
tropeines containing different acyl groups may be prepared. A 
number of these have been examined physiologically, the- best 
known being homatropine, the mandelyl ester of tropine, which 
was described by Ladenbnrg in 1883. In this paper I propose 
to give an account of the work on the relation between 
constitution and physiological action in the tropeines, carried otit 
some years ago by Br. H. A. B. Jowett and myself with the co¬ 
operation of Br. H. H. Dale, P.R.S. (Seventh Internat, Congr, 
Appl, Ghem.y 1909., IVa, 1, 335), in continuation of an invests 
gation commenced by Dr. Jowett in collaboration with Dr. G. B. 
Marshall. 

The tropeines appeared to us to be specially suitable for a study 
of the relation between chemical constitution and physiological 
action, since they are easily prepared, give neutral salts readily 
soluble in water, and can be tested physiologically under uniform 
conditions. Their salts were dissolved in distilled water to give 
solutions equivalent in tropine content to a 1 per cent, solution 
of homatropine hydrobromide, and the mydriatic effects of these 
solutions, were then compared. 

By means of two pipettes ,deH^ drops of equal sme, a drop 
of one', of, theTwo'/solution's:''to, be'compared was allowed to fall 
into', the righteye/uf ,a:eat,'”and^■avdrbp■'of;'':the^ exactly at the 
same moment into the left eye, tte head being held until all was 
‘ absorbed,'softhat''none''esca|^':;hy''''''pverftoW'^ In the case^ 

of the, less :acMve,:,tropeineSj'/the':'times:''required to produce The 
' maximum mydriatic effect'were,much the same in all cases, so that/ 
,the more active of twO' 'was easily recognised.' In the case of,' ,the: 
highly active tropeines,''the rapidity ' of', action, aS' well ;;as,:/4he 
' mi^ximum mydriatic''effect, "had to 'hb' considered,.^, 'v"'/;: 

' be noted that the mydriasis caused by the more' 
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powerful tends to produce consensual myosis in tlie oilier eye^ so 
that a small difference of activity is exaggerated and easily 
detected. 

The effect of concentrated solutions has not been tested, hut 
tropeines which produce no perceptible effect in dilute solutions 
may give evidence of mydriatic effect when applied in concentrated 
form; thus Gottlieb [Arch, exp. Path, Pharm.^ 1896, 37, 218) has 
stated that lactyltropein© and hippuryltropeine produce no 
mydriasis when introduced into the conjunctival sac in 2 per cent, 
solution, but that 10 to 20 per cent, solutions produce mydriasis 
commencing in half an hour. Further, it must be pointed out 
that only the effect of local application has been tested; tropine 
itself, although it has no local action on the eye, produces a striking 
mydriasis in cats when given internally in large doses, and certain 
tropeines which have no local action, for example, idle lactone of 
o-carboxyplienylglyceryltropeine, produce mydriasis on injection. 

Briefly, the problem investigated was the relation between the 
chemical constitution of the acyl group of a tropeine and the 
mydriatic effect produced by the instillation of a neutral solution 
equivalent in tropine content to a 1 per cent, solution of horn- 
atropine hydrobromide into the conjunctival sac of a cat. No- 
attempt was made to determine the cause of the mydriatic effect, 
which may have been due to action of the atropine type, that is, 
paralysis of the motor nerve-endings of the sphincter (contractor) 
muscle bf the pupil, or to action of the cocaine type, that is, 
stiiUulation of the nerve-endings in the dilator muscle. 

Thiri^^ prepared and examined comparatively by 

this method. The mydriatic action of many of these had been 
recorded previously, and references to the earlier results are given 
below. The mydriatic action of a further fifteen tropeines, which 
’ we ourselves did not examine, is also- taken into consideration. 

For the purpose oi discussion, the forty-five tropeines may be 
divided conveniently into six groups. 


I. Tropeines of aliphatic acids ..'... 8 

II. Tropeines of substituted' benzoic acids .. 6 , 

III. Tropeines of substituted hydratropic acids .. II 

IV. Tropeines of substituted pkenylacetic acids . 18 

V. Tropeines of substituted phenylpmpionic acids.. 5 

yi. Tropeines of acids in which the phenyl and carboxyl 

'groups are separated by an imino-group '... . 2^ 

; ' The tro|>emoe'',of''each, group’have been tabulated iu'.order''to' 
eho)v thu.results'''obtained at a;'glance.^ ; 
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I. Tropeineii of Aliphatic Adds. 

Aiydriatic action. 


Present 

Previous results eom- 

_--^ parison. 

Tropeiiio. Formula. Action. Observer. Action. 

I. AvM.yh' ... CHs-OO.T - Gottlieb 

Glyeollyl- .. CHaCOHVcOaT - Marshall 

.C:a;-CH{0H)-G(XT {7,, 7 ;^ .^, 0 ^ 

4. Siiccinvl- . {•CH-.-CO.T). ™ ' Gottlieb 

o. Tartryl-. [-GHfOHpCO.Tj., 

G. BAimarovl-. (:CH*CO.T).> “ ' " 

GHAIe-CH'CO.T ■ 

7. Methvlpat‘aeonyl-... | | - Alarshali'*- 

O-CO-CH, 

CMe^-CH-COoT 

8 . Terebyl-'. 1 " 1 " -r AlarshalP 

0’C0*CH2 


^ Jowett and Hann, T,, 1006, 89, 

Gottlieb stated that acetyl- and sxiccinyl-tropeines can be brought 
ill the solid state on to the conjunctival sac of a cat without per¬ 
ceptible mydriatic effect, but that lactyltropeiiie produces mydriasis 
commencing in half an hour under these conditions, although it 
is inactive when applied as a 2 per cent, solution. 

The above table shows that previous observers had only reported 
mydriatic activity of dilute solutions in one instance, that of 
terebyltropeine. This compound wa.s again examined in the 
course of the present work, and found to be inactive. Tartryl- 
and fumaroyl-tropeiiies were also inactive, so that no aliphatic 
tropeine that has yet been tested possesses mydriatic properties 
when applied as a dilute solution to the eyes of a cat. 


11 . f rope hies of Buhsiltuied Benzoic Amis. 

Mydriatic action, 

' Present 

Previous results,, ■ comparison. 

■ .1.-.^.-.. . .-. I _..^ 

'' Order of 

Tropeine, ' Formula. ■ Action.'Observer. Action, activitv. 

!), Benzoyl-..CgH/CO/r ■ ,-f Bchmiede- , -b , 

berg. ^ 

,10. Phthaloyl- .. CeH^CCOaTb ’ - 

11. o-Hydroxybenzoyl-HO'CeH/COaT■ ''Falck'*^ + , ! 

12,,'m-Hydroxybenzoyl-HO’CgHpCOoT Volkcrs® -i- '2 

iJk |>-Hydroxybenzoyl-B[ 0 *C 6 H 4 ’C 02 T 

14v,Protoeatechoyl-... '(H0)aC«H3*C02,T. -- Marshall '' - , 

Aroh>. Bath* Phatm.^ 1870, b, 463.' 

Awmikn, 1.888,21T,'82.,, ' 
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Our examination of the above tropeinen coiifirined the state¬ 
ments of previous observers, except in the case of o-hydroxy- 
benzoyltropeine. So far from being inactive, this proved to be 
the most active of the tropeines of substituted benzoic acids, 
//i-hydroxybenzoyltropeioe being the next in order of activity. 
The tropeines of ’ _n d 3 :4-dihydroxy~benzoic acids, both 
containing a para-hyctiAxyT^-oiip, were inactive. 


III. Trcypeine.^ of SuhHifuted Hjjdrafrofic Acids, 

Mydriatic action. 


Previous 

results. 


Present 

corapaiison. 


o 

d ^ d ^ 

s s: o S:! 

■42 'p tr, 

Tropeino. Formula O < 

15, £^MTopyl.(atropine) |CH.vOH 1 n 1 1 

10 . i-Tropyl-(liyosoyamino) p ' 4- l?”®‘"y*. “I" , ^ 

17. d“Tropyl-(^^*hyoseyanune) fCHPh'COoT + j Laiaiaw- 

CHyOH “ 

18. Atropiao iriethonitrate.. j 4 . Erbo'* 

CHP}rC0.2T,MeN0, Grtibo’' 
CHa-O-CO'CHa 

U). Acetyltropyl-... | 4 - Lewin and 

CHPh-COaT Guiliery« 

CH 2 CI 

20 . Chlorohydratropyb . | Lewin and 

CHPlPCO.T Guillory*^ 

CHaBr 

21 . Bromohydratropyb .' | + Lewin ajid 

CHPh-CO/r Guillory*^* 

22. Atropinesiilphurie acid ] ■ Trendel- 

CHPh'CO/P eiiburn 

OHg-OH 

22 . Atroglyceryl- . | 4 .. 2 

CPh(OH)-CO.,T 

24. Atrolacty 1-.'.. OPhMe(OH)‘OGaT -|- Volkew 

'25. Atropyl- ... CPh(:CH 2 )*COgT - Lewin and 

Guillery^ 

^ J. physiol, 1904 , 30 , 170 , 

“ BaTTowciiff and Tutin, T., 1900, 95, 1900. 

^ Muiu-Iku), 

V'' Mwfnif/. (lottiugen, 1005. 

DieWirkungen von Arzncimittoln und Gifteu'atif.das Aug(\’hBciiin, 
1905, p. 209. 

« 'Arch, exp. l^ath. Pham., 1913, 73, 118, 

The tropeines of substituted ■ hydratropic acids present'several 
points of interest, the most striking being the difference in activity 
between i?- and tWiyoscy amine. , Cushny, working' with the partly 
racemised substances, found; that Wiyoscyamine’ was'.about fourteen 
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times as active a mydriatic as < 5 ^"liyoscyamine'. Lately Laidlaw 
slioAved tliat the ratio of activity between tlie pnre salts was mncli 
greater, the mydriatic action of the Z~compoiiiid being about one 
hundred times that of the dextro-compoimd. The mydriatic 
action of atropine is therefore mainly dne to the Z-constitueiit. 

Metliylatioii of the nitrogen atom of atropine decreases the 
mydriatic action, atropine methonitrate being apparently inter¬ 
mediate ill action between atropine and homatropine. 

Acetylatropine is stated by Lewiii and Gnillery to cause 
mydriasis and paralysis of the accommodation when applied in 
1 per cent, solution, whilst the same authors report that chloro- 
and bromo-hydratropyltropeines in 2 per cent, solution cause 
greater irritation to the eyes than atropine. The chloro-coni- 
pound, although less active than atropine, gives sufficient mydriasis 
for ophthalmic purposes, whilst the action of the bromo-compouiid 
is even slower and less intense than that of the chloro-compound. 
They found that atropyltropeine caused no mydriasis in 2 per 
cent, solution. 

Atropinesulphuric acid, the acid sulphuric ester of atropine, and 
at the same time an internal salt, has no mydriatic action in 
1 per cent, solution. 

Atroglyceryltropeine is of particular interest, since it contains 
two hydroxyl groups in the positions of those of atropine and 
homatropine respectively. 


CH/OH 

C,H,/6*00,T 

H 

Atropine. 


CH^-OH 

OH 

Atroglycoryltropeine. 


H 

OH 

Homatropine. 


When examined on cats by the comparative method, it proved 
to be intermediate in activity between atropine and homatropine,^ 
but was less active than homatropine for' the human eye. 
Atrolactyltropeine is described as a powerful mydriatic, strikingly 
'Similar in ’ this respect to homatropine. 

, With the exception of 'hornatropinesulphuric acid, which is in-' 
active, like atropinesulphuric acid,in the previous section, all the 
tropeines ,of substituted phenylacetic' acids have mydriatic proper¬ 
ties. The effect of stereoisomerism on the activity is much less 
marked than in: the previous section, the enantiomorphous.'forms 
of homatropine differing only slightly in action, the l^vo-form 
being again the more,active. 

Homatropine methobromide dilates, the pupils of eate^ eyes more 
;.completely and .more quickly' than ^ a solution .of,:/homatropine 
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„IV. Tropeines of Suhstituted Phenijlacetic Acidi<. 


Mydriatic action. 

^ . -- 

Present 

Previous results. com¬ 
parisons 

Tropeiue. Formula. Action. Observer. Actioiu 

2G. Phenylacetyl- ... CHaPli-CO.T P 

2’7. d^Mandelyl-’ 1 4* Volkers -1- 

38. ditdefyr”!!;; -CHPh(OH)-CO,T 

29. ^Mandely^. J -I- 

30. d^Mandelyi- 

methobromido CHPh( 0 H)’C 02 T,M^?Br •}- Sy.mong ^ 4- 

,31. d/-Mandeiyl-etbO" 

bromide ......... CHPh(OH) •€0.>T,EtBr Symons P 

32. Homatropine-sul- — Trendel- 

pluiric acid...... CHPli( 0 *S 03 H)-C 0 aT enburg 

33. o-AIethylmandolyl- 1 ' -h 

34. w-Metliylmaiidelyl- i-C«H^Me* 0 H( 0 H)-C 03 T + 

35. p-Methylmandelyl- J “h 

30. Piienylchloro- 

acetyl- .. CHFliCPCOaT ■" + 

37. Phenylumiiio- 

acetyi- . CHPldNHoJ-CO/r -I- 

38. Phtiialidecarboxyi- CyHj*0H*0O2T 4~ Marshall p 

1 I 

co~o 

i Jowotfc and Pyman, T., 1007, 91, 92, 


liych’obromide of the same streiigfcli, but is less active for human 
eyes, ' Homatropine ' ethobromide is less active than the metho-- 
bromide. Of the three methylmandelyltropeines^ the ortho- and 
meta^com,pounds' equal each other and are more powerful than 
homatropine in mydriatic power when tested on eats, but the para- 
compound is slightly less active., 

Phenylacetyl-, phenylchloroacetyh, , phenylaminoacety!-, and 

phthalidecarboxyl-tropeines,, which contain no free alcoholic 
hydroxyl group, are all active, but much less soAhan homatropine, 
Cimiamoyitropeiiie, reported ■ by ^ Ladenburg as ‘''hardly 
mydriatic/’ was found to have no mydriatic properties under the 
conditions of our investigation. jS-Phenyl-a-hydroxypropittnyl- 
tropeine is isomeric with atropine (a-phenyl-jS-hydroxypropioiiyh' 
tropeine) and also with atrolactyltropeine (a-phenyl-a-hydroxy- 
propionyltropeino); it;only differs from homatropine in that the 
phenyl and secondary alcohol groups are separated by a methylene 
group. It is a powerful mydriatic for cats’ eyes, and begins to- 
dilate' the pupil considerably earlier than atropine, but the 
atropine .dilation when it once begins quickly overtake ,the other 
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V. Tro'pe'tNes of Suhstitutecl Fheni/lfropionic Avifh* 


Mydriatic action * 


Frosont 

Frcvious cojn- 
rc'siilts. jjarisori. 


E , ..Q .« ' a 

Tropeine. Fci'innla, O 

Cuiimmoyl- CHFhiCH'COoT — Ladenbvirg -- 

40. Lactone of o-carb- CeH4*CH(0H)*C.H‘C02'^^ 

oxyphenyl- ) | -- Bymons 

glyceryl" CO---O 

41. iwCoiimarincarb" O^H^'CHiC-COgT 

oxyl- j ] ** ■ -• ByrauihS 

CO--O 

42. ;8-Phenyl'a"liydr« ■ 

Qx^rpropionyl" CH2P}rCH(OH)-0O2T T i 


hydroxypro- 

pionyl- ■.. C 5 H.tN-CH 2 -CH( 0 B[)*G 02 T H 2 


and becomes maximal a little earlier. When tested on liuinan 
eyes, it was found to be inferior to homatropine bydrobromide. 

^- 2 "Pyrid 7 ba''liydroxypropionyltropeine Has been included in 
tile above group. It differs from the preceding member by the 
substitution of pyridine for benzene, and, although active, is con¬ 
siderably weaker. 


VI. Tropeines of Acids in which the Flienpl and Varho,rpI 
(/rowps ace Separated hy an Iiniiio-groapK 


Tropeine, Formula. 

44. Hipintryl" O^jHs^CO-NH-CHa’COaT 

45 . Fhenylcarb- 

amo"...... OgHs-NH-COaT ■ ' 


Mydriatic acdioa, 

■'.I .. 

Present 

eorn- 

Frevious resiilts, parison. 

Action.' , Observer. Aetioin 

f-2%^ Gottlieb V; 

\"flO to 20% ' ; 


Gottlieb states, that ^'hippuryltropeine behaves 'similarly to 
lactyltropeine, that is to say, it only exercises a mydriatic effect 
when the solid substance is introduced into, the conjunctival sac 
to give a concentrated solution, and is inactive in dilute solution. 
Phenylcarbainotropeine .proved to have a slight mydriatic actimn ' 
In the foregoing tables,,'the tropeines are'classified .according'to 
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tlieir clieiiiical constitution. The thirty meaubers which we com- 
jiared by the method given above may be grouped also in order of 
their mydriatic properties. 

i. Airtjpitip ] 

j8-<Plio]iyi-a"hy(,lroxypro})ioiiyl- - Most active, 
tropciiie j 

if. AirugIy^*ei‘yltL*upeiuc Intermediate iu activity be¬ 

tween atro})ino and liuni- 
atx’opiiie. 

I,IT. (i!/-Honiati*opine \ 

(U ami /-Hoinati’opiiw ^ gjuyiyi. order ui' activitv. 

Quaternaiy salts of houiatropiue 
0 -, ni', and _}t?-Methyliiomatropine j 

W, i8-2-Pyridyl-c-hydroxypi’opionyl- ^ 
tropeino 

Plithalidecarboxyltropeiue 

PheiiylcliloroaeetyltvopMno active, but less so than 

Plienylannnoaeetyltropeine • liomatropiue. 

Phenylacotyltrop'eine 

B enzoyl t rop cine 

0 -TLydroxy beiizoyitropeine 

ai'Hydroxybenzoyltropeine 

W lda'nylcai‘bainLotropeine Faintly active. 

tM,. Tartryltropeiiie "'i 

Bhumiroylt rope ino 
'Me thy Ipar ae ony 11 ro pe i no 
Terebyltropeine ^ , 

Lactone of o-<‘.a!‘boxyphenylglyceryl- 

tropoine VJnaotive. 

■nyC'Coiimariiicarboxyltropeme 
Phthaloyltropeiire., 
p - Hy droxy benzoylt ropeiue 
Protooateehoyltropeine 
■ Cimiamoyltropeine 

Of the fifteen tropeines which we did not examine by the coni" 
parativ© niethod, natural hyoscyaniine, which is the hevo-variety, 
is nearly twice as active as atropine, ^/-hyoscyamine; much , less 
so. Acetylatropine, ehlorohydratropyltropeine, bromoliydratropyl- 
tropeiue, atrolactyltropeine, and ati'opine methoiiitrate appear 
to be ecpiivalent in mydriatic power to the members of groups II 
and III of the above table, whilst the following are stated to be 
^ inactive in dilute solution: 

Acetyl tropcine. Atropyliropeine, 

Glycbllyltropeinc. Hippuryltropcino. 

Lactyltropeiue. Atropinesnlplinrie acid. 

Succinyltropeine. Homatropinesniphnric acid. 

Before considering whether any general conclusions- ,can be 
drawn from these results, atteution may be directed'to the general- 
isatiou which lias found its way into the literature, sometimes in 
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association witli Ladenburg's naiiie. Tiiis generalisation states 
tliat a tropeiii© to liav© mydriatic properties ninst contain (1) a 
benzene nucleus, and (2)'an alcobolic hydroxyl group in ilie side 
chain containing the carboxyl group. 

ITow Ladeiiburg stated in 1883 that //i-hydroxybeiizoyltropeiiifi 
had mydriatic properties, so it seemed unlikely that the general¬ 
isation was due to him. Accordingly, after a careful but 
unsuccessful search of the literature for such a generalisation 
under Professor Ladeiiburg'’s name, we communicated with Mm,, 
and learned that he was unable to recollect framing it. 

Ill the light of the evidence afforded above, it would appear t,hai 
the first postulate of this generalisation is approximately correct; 
no tropeiiie of an aliphatic acid lias yet been found to possess 
mydriatic properties in dilute solution, but, on the other hand, 
the closed chain need not necessarily lie that of benzene, since 
i8-2-pyridyl-a-hydroxypropionyltropeme, which contains a pyridine 
instead of a benzene residue, is active. 

The second postulate, that a tropeine to be mydriatic must have 
an alcoholic hydroxyl group in the side chain containing the 
carboxyl group, is incorrect, for mydriatic substances are obtained 
when the hydroxyl group of atropine is exchanged for acetoxyl, 
chlorine, or bromine, and when the hydroxyl group of honiatropiiie 
is exchanged for hydrogen, chlorine, or an amino-group, or when it 
is closed by the forniation of a lactone; moreover, benzoyl- and 
0 - and 'm-hydroxybenzoyl-tropeines are mydriatic. The loss of 
mydriatic properties on the replacement of the hydroxyl group in 
atropine and homatropine by the sulphuric acid residue is possibly 
due'to the same cause which operates in the case of substances 
eontaini'iig a free carboxyl group, such as benzoylecgonine and 
quitenine. 

Whilst, however, the second postulate is incorrect as regards 
the qualitative mydriatic action of tropeines, it must be 'remeni”' 
bered that those tropeines which we found more active 'than, or 
equal to, homatropine ’ in , mydriatic properties contained an^ 
alcoholic hydroxyl group, 

Of the tropeines of hydroxybenzoic’acids, the and w-sub- 
stitiited compounds were active, wiiilst the' p- and also the 3:4"di- 
' hydroxy-compounds were inactive."/Subs'titution in the iT-position 
in this case causes the mydriatic action to vanish, and in the 
case of the mefchylmandeiyltropeines also the para-compound is 
less active than the'ortho-^,, and meta-isomerides. 

The tropeines, ■ of substituted hydratropic, plienylacetic, and 
phenylpropioiiic acids werO' all active with the exception of 
afcropinesulphuric acid, homatropinesulphuric acid, the lactone,,of'; 
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o-ca,rboxyplieiiyIgiyceryltropeiiie, and those containing an uii- 
saturated linking in the side-chain containing the carboxyl group. 

Cloiisideration of the above material led us to conclude that no 
ge-neralisatioii as to the relation between mydriatic action and 
chemical constitution could be made which would offer a strict 
explanation of the results obtained. 

Before leaving the subject of the iropeines, attention may be 
directed to some points of interest in connexion with allied 
niydriatics. Norhyoscyamine, which differs from hyoscyamine in 
containing an imino- in the place of an iT-inetliyl group, has only 
one-eighth of the mydriatic effect of hyoscyainine, and the racemic 
form, iioratropine, is again about one-eighth as active as atropine 
(Carr and Eeynolds, T., 1912, 101, 946. Physiological tests by 
Laidlaw). 

It has already been pointed out that the steric structure of the 
acyl radicle of a tropeine influences its mydriatic properties. The 
steric structure of the basic portion of the molecule is also 
important, for the tropyl and niandelyl esters of i/'-tropine have no 
mydriatic properties (Lieherniaiin and Limpach, Ber,, 1892, 25, 
933. Physiological tests by Liebreich). 


A niinoalkyl Estem's . 


The question as to what portions of the cocaine molecule (I) are 
essential to the local anaesthetic action of the alkaloid has long 
been the subject of investigation, and the collated results of 
numerous workers have shown, by a series of eliminations, that 
the ansesthetio properties of cocaine are associated with its func¬ 
tion as an aminoalkyl ester. It has been found that the carboxy- 
methyl (C 0 . 2 Me) group is not an essential factor, since tropa- 
-»4;ocaine (II), which contains no such group, produces the same 
'/•effect: and, further, the presence of a bridged or simple ring 
'''tc^ontaming nitrogen is unnecessary, since eucaine (III), which 
^y'posseases only a simple, not a bridged ring, and stovaine (IV), 
; alypine (V), and novocaine (VI), which contain no such ring, have 
well-marked 'local anesthetic ]>roperties. 


CHyCII—CH-CO.Me 
NMe tJfPOdJOPli 

UH, 

^ (I) ^ 

OH’^-OMe—dig 

NH 6lI*0*OQPh 

—GE, 

(IIL)', 


CHg-OH—CH^ ■ 

1 NMe OH-O-COPh 

GH„-CH—OHo 
(II.) 

CHg-NMe^ 

OsHs-U-O-COPh 

(IV.) 
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CHj-NMeg 

CjHs-C-O-COPh (C2H5)5N-CH2-0H2-0-C0-0«I-I,-NH2 Qj) 
CH^-NMe^ 

(V.) (VI.) 

From the above considerations, it follows that local ana^stlietic 
action is associated with the aminoalkyl ester strnctiire, and we 
may now inquire what complexes in such esters are necessary for 
the possession of local ansesthetic properties. Aminoalkyl esters 
have the general formula E,*C 0 * 0 -(CRiE 2 )^t-"NR;]B 4 ; they are 
formed by the esterification of an acu] with an (ihuihal containing 
an ccw?///o-gTcap, and may he dealt with eoiiveniently from this 
point of view. 

The acyl group of aminoalkyl esters possessing local ancesthetic 
propex'ties is in most cases aromatic, and in the majority of sub¬ 
stances of practical application is the benzoyl group, as* instanced 
by the compounds numbered I to V. Fourneau (J. Fharm, Ohhn,, 
1910, [vii], 2, 337, 397) has, however, recorded that the valeryl, 
bromovaleryl, and bromoheptoyl esters of dimethylamiiipdi- 
methylethylcarbinol (the benzoate of which is stovaine) have 
aiiEesthetic properties, so that the presence of a ring complex in 
the acid does not appear to be essential. 

In the case of cocaine, replacement of the benzoyl by substi¬ 
tuted benzoyl or other acid radicles leads to substances with much 
v/eaker local anesthetic properties. Thxis the phenylacetyl deriv¬ 
ative is much less powerful, the o-chlorobenzoyl and w^-nitrobenzoyl 
dei'ivatives have only a slight local anesthetic action, and the 
m-hydroxybenzoyl compound still less, whilst the substances in 
which the benzoyl is replaced by the valeryl, •w-aminobenzoyl, 
phthaloyl, cinnamoyl, or isatropyl radicles are inactive (Ehrlich, 
Liebreich, and PoxUsson. , Compare .Ehrlich and Einhorii, Jler.y 
1894, 27, 1870), Substitution iii the benzoic acid nucleus 'of 
aminoalkyl benzoates is not, however, necessarily asvsociated with 
weak local anesthetic action, for the p-aminobenzoyl esters of many 
am'ino'-alcohols are 'strong local angestlxetics, novocaine' being 
diethylaminoethyl ^p-aminobenzoate, whilst the dialkylaminoalkyl 
3:4-diain,inobenzoates. have- also considerable local anesthetic 
properties (Einhorii, D.B.-P., 194365 ). In the case of cocaine, 
the substitution of phthaloyl for benzoyl gave an inactive com¬ 
pound, and, similarly, whilst diethylaminoethyl benzoate, 
NEtyCHyCHa-O^COPh, is stated to have local anesthetic propei*- 
ties (B. Scheriiig, D.E.-P., 175080), diethylaminoethyl phtlialate 
proved to be inactive (Pymaii, T., 1908, 93, 1793. ''Physiological 
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tests by Dale and Symons). Passing now to aromatic acids, in 
which the carboxyl of the acyl group is not directly attached to 
the benzene iiiicieus, we have seen that the replacement of the 
benzoyl by the phenylacetyl group in cocaine gives a substance 
having local ansesthetic properties; with a-eucaine, also, the phenyl- 
acetyl compound has well-marked local ansesthetic properties 
(Vinci, Vireh. Arch., 1898, 154, 549); it was found, however, that 
replacement of the /^aminohenzoyl group by the ^^aminophenyl- 
acetyl group in novocaine and anaesthesine (ethyl ;^>aminohenzoate) 
gave inactive compounds, diethylaminoethyl and ethyl p-amino- 
phenylacetates (Pyman, this voL, p. 167. Physiological tests hy 
Dale and Symons). 

Cinnamic acid usually, hut not invariably, confers local aines- 
thetic properties on aniinoalkyl esters. As we have seen, ciiinamoyl- 
cocaine is inactive, but the a-eucaine derivative has local 
anaesthetic properties (Vinci, loc, eit.). Tetramethyidianiino- 
dimethylethyicarbinyl cinnamate, that is, an “ alypine ” in which 
cinnamic acid takes the place of benzoic acid, produces an 
anaesthetic effect, lasting twice as long as that brought about 
by the same quantity of cocaine (Parbenfahriken vorm. F. 
Bayer & Co., D.R.-P., 173631), whilst y-diethylaminopropyl 
cinnamate (apothesine) also has well-marked local anaesthetic 
properties (E. A. Wildman and L. Thorp, U.S. Pat., 1193649). 

It may be noted that the aminoalkyl esters of aminocinnaniic 
acid are stated to have several times the local anaesthetic power of 
those of aminobeiizoic acid (Meister, Lucius, & Briining, D.E.-P., 
187593). ' 

With regard to the nature of the substituted a mino-gvoiiiJ 
required in an alkamine ester having local anesthetic properties, 
there is little available information. Most of the best known local 
anaesthetics contain a tertiary amino-group, but 0-e\icaine, which 
has powerful local anaesthetic properties, contains a secondary 
amino.-group. Norcocaine, in which the A-methyl group is^ re¬ 
placed by the imino-group, has greater local anaesthetic properties 
than cocaine (compare Ehrlich and Einhorn, foe. e/f.), but the 
^ primary amine corresponding with novocaine, namely, ^-ainino- 
, ethyl 2 >'^minobenzoate (VII) (Forster, T., 1908, 93, 1865. 
Physiological tests by Dale), is devoid of local anesthetic action. 

The nature of the alkyl groups replacing the hydrogen atoms 
of the amino-group appears to affect the local anesthetic properties 
in. some degree; thus,' piperidylethyl benzoate (VIII) is only 
slightly active, whilst s-di-jS-benzoyloxy-1:4-di6thylpiperazin6 (IX) 
has very distinct action, and ^^-dibenzoyloxytriethylamine (X)' ia 
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sligiitly active, whilst 0/3-dibenzoyloxymethyldiethylamiBe (Xl) 
(Pyman, loc. cif.) is inactive. 

XH2-CH„-0H.,-0-C0-C„H-yNH, CsHjnX-OH./CHyO-COPh 

(Vir.) ' “ (VIII.) 

PhC0-0-CH„-CHyN<^g2;°2!^N-0Hy0H2-0-C0Ph 
(IX.) ' 


NEt(OHyCHyO-COPh).^ 

(X.) 


NMe(CH./CH3-0-C0Pii)., 

(XI.) 


The alcohol residues of these esters are very varied in character; 
they may he primary, secondary, or tertiary, and may separate 
the acyl residue and the substituted amino-group by chains of a 
varying number of carbon atoms. 

As instances of active aminoalkyl esters derived from primary 
alcohols, we have novocaine and the dialkylaminoethyl benzoates; 
in these, only two carbon atoms separate the acyl- and amino- 
groups. y-Diethylaminopropyl cinnamate is an example of an ester 
of a primary alcohol in which the two groups referred to are 
separated by three carbon atoms. Cocaine, tropacocaiiie, and the 
eucaines are derived from secondary alcohols containing a chain 
of three carbon atoms between the acyl- and amino-groups, whilst 
instances of local ansesthetic property in secondary alcohols, in 
which these groups are separated by only two carbon atoms, are 
furnished by ^-benzoyioxy-^-3: d-methylenedioxyplienylethyldi- 
methylaraiiie (I) and ^y-dibenzoyloxydimetliylpropylamine (II) 


OH-O-COPh . 

CHa-O-COPh 

(II.) 

Finally, typical examples' of local anaesthetics .derived from 
tertiary alcohols are stovaine and alypine,' in which' the acyl and 
amino-groups are also separated by a chain of two carbon atoms. 

, The general conclusions to be drawn from the above summary 
are that in aminoalkyl esters having local an^thetic properties 
(1) the acyl group is usually aromatic, (2) the ^ amino-group may 
be secondary or tertiary, and may' be associated with simple or 
bridged ring complexes, and (3) the alcohol group may be primary, 


(Pyman, loc, cif.). 


0-Gtf. 

O' 

CH-O-OuPh 

OIVNMe^ 

(I.) 
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secondary,^ or tertiary, and may separate tlie acyl ami amiiio- 
gronps by a cliaiii ,of either two or three carbon atoms. 


Adrenaline and the A^nines, 

Adrenaline, the active priiieipie of the suprarenal gland, is a 
substance of powerful physiological action. Its action simulates 
the elfects of exciting sympathetic nerves, and in consequence has 
been termed “sympathomimetic/’ 

Therapeutically, it is chiefly used to prevent bleeding by its 
vasoconstrictor action when applied locally; when injected intra¬ 
venously, it causes, amongst other symptoms, a large rise of blood 
pressure, also partly due to vasoconstriction, and the measure of 
this pressor effect, when, accompanied by other symptoms of 
sympathomimetic action, serves for the comparison of adrenaline 
with allied compounds.' 

Adrenaline is of comparatively simple constitution, being 
0-3:4-trihydroxy-j8-phenylethylmethylaniine (I), and the question 
as to the relative influences of the different portions of its mole¬ 
cular structure has been the subject of much investigation. It 
was at one time suggested that the catechol nucleus (II) was the 
essential active group, for catechol causes a rise of blood pressure 
on intravenous iiijeciion, whilst the other half of the molecule, 
j8-hydroxyethylmethylainine (III), has no such action. 


O'H 

OH 




CH^-OH 

\/ 

CH-OH 


Oe^-NHMe 

CH,*NHMe 



(T-) 

(11.) 

(TIL) 


Barger and Bale (/. PhynUi],, 1910, 41, 19), however, showed 
that the rise of blood pressure produced by catechol was not due 
to sympathomimetic action, but to an action of an entirely different 
type, whilst, on the other hand, many aliphatic and aromatic 
amines had an action very similar to that of adrenaline. 'They 
studied the relation between chemical constitution and sympatho¬ 
mimetic action in a large number of amines gradually approaching' 
adrenaline in constitution, ;and as a quantitative index of the 
activity of the compounds they adopted the effect on arterial blood 
pressure. The aliphatic amines ' were irst examined, then those 
containing a phenyl group, and' finally phenylalkylamines,' in which 
one, two, or three'hydroxyl groups were introduced as substituents 
into'the benzene nucleus.' In.the' aliphatic series, the following 
YOJj, OKI, ' \ , . . ' Y y 
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results were obtained with primary amines under comparable con¬ 
ditions : 

S'libstaiioe. Pressor effect, 

(1) Metiiylamme 

(2) Ethyiamine 

(S) ii’oPropylamine - insignificant. 

(4) '»“Propylainine 

(5) iisoButylamine 

(6) ri-Butylamine, positive. 

(7) ?‘soAmylaniin6, several times that of No. 6. 

(S) ?^-AmyIamizi©, distinctly greater than that of No. 7. 

(9) w-H©xylamine, greater than that of No. 8. 

(10) ^-Heptylainme, less than that of No. 9, 

(11) w-Octylamine, less than that of No. 10. 

With still higher members of the series, comparison was difficult, 
since they became increasingly toxic. 

Of secondary amines, diethylamine was found to be inactive, 
methyHsoamylamine, was considerably weaker than 

isoamylamine, whilst di'^’soamylamine had very little of the action. 
In the' aliphatic series, therefore," the most active'member proved, 
to be 7^-hexylamine. 

The next group examined consisted of aromatic amines in' which 
the benzene nucleus was otherwise unsubstituted. 

(1) Aniline, Ph'NHg, did not show the specific action# 

(2) Benzylamiiie, Ph*CH 2 'NH 2 , had a mere trace of the action. 

(3) a-Phenyletliylamine, . Ph’CHMe*NH 2 , . was very feebly active. 

(4) j8-Phenylethylamine, Ph'CHa’CHg'NHg, was more active than Nos. (3) 

aiid^(6), and its activity was 
distinctly greater than' that 
of w-h©xylamiiie, the most 
active of the aliphatic 
amines, 

^i) 7-Phenylpropylao3iii©, PhTOHaJ^'NHg, -was much less active than 

No. (4). 

i8-PhenylethyIamine, which proved to be the most active of this 
series, contains the skeleton of adrenaline, but, differs from it in 
iackiiig (1) the 3:4-dihydroxyl substituents of the benzene nucleus, 
(2) the hydroxyl substituent of the jS-carbon atom, and. (3) the 
methyl, group attached to' the' nitrogen atom. 'The"’effect ,of ,the 
two last substitutions singly'or together' on 'jS-phenylethylamine 
was tested by the' 'examination of i8-hydroxy-0-phenylethylamine, 
PlrCH(OH)*CH 2 -NH 2 , jS-phenylethylmethylamine, , 

^ ' Ph-OHa-OHg-NHMe, 

and jS-hydroxy-^-phenylethylmethylamin'e, ■ 

Ph-CH(OH)-CHa-HHMe, ' 

none of which differed noticeably in activity from 0-phenylethyl- 
ami.n.6. 

Further work was directed to determining the influence of 
phenolic',Lhydroxyl group'e;'"on the action^.of these ' .phenylalkyh, 
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amiiieSj a^nd in the first place the effect of introducing a single 
hydroxyl group was ascertained, with the following results; 


(1) p-Hydroxy-jS-pbenylethylaniine, 
fiOTJVHpCHa^CHpNH^. 


(2) TO”Hydroxy-^-phenyletliylamine, 

(3) 0 -Hydi‘oxy-/3-p henylethylamine, 

(4) 4-Hydroxy-^-w-tolvlethylamine, 

Me 

HO<^ 

(5) ^-p-Biliydroxy-/3”phenyletbyiamine, 

HO-CgH^'CHCOH)-CHg-NHa, 

(0) j3-Hydroxy - w-aminoacetopiienone, 

(7) |5-Hydroxy-a»phenylefchyImethylarnine, 

HO-c;H4*CH2*OH2-NHM6; 

(8) j?-Hydroxy-3-|)henylefchylafchylamine, 

'HO-CeH4*CHa*CH2*NHEt. 

(9) p-Hydroxy-/3*ptieiiylefchyIdimethylamine, 

HO-C8H4-OHa-CH2-NMe2. 

{.10) p«Hydroxy-^-pheiiyletliyltriniethyi 
ammonimn, .iodido, 
HO*C,,HpCH./aHa*'NMo3L 
(11) d/»-p“Hydi‘oxy-a'plieiwiot:liylaiTiine, 

h6-o«hVohmo-nh„. 

12) U-p-Hydroxy-a-phonylethjdarnine, 

(13) p-B[ydroxy| 3 h€^nyletliylacotai'nide, 

HO *C0tI/CH./CHa“NHAc. 

(14) Tyrosine ethyl ester, 

H0-C8Hp0H2-0H(C02Ht)-NH2. 


3 to 5 times as active as 
^-phenylotiiylarnine. Had 
about I-20th of the activity 
of adrenaline. 

Equal to ( 1 ). 

No more active than ^-phenyh 
ethylaniine. 

Half as active as (1). 

Less active than (1). 

Feebly: about 1-iOth as 
active as (1)» 

About the same as (1). 

Considerably less active than 
(1) and (7). 

Very much less active than 
(l)aiid(7). 

Action entirely different from 
that of adrenaline, resomb- 
ling that of nicotine. 

Very slightly active. 

Very slightly active; not 
different from (11).' 

Inactive. 

Inactive. 


. The foregoing results show^ that the introduction of a hydroxyl 
group into phenylethylamine is accompanied by an increase in 
activity in the case of the and m-compouiids, but not in that 
of the o-substituted compound. 

Here again, as in the unsubstituted phenyl series; neither the 
introduction of a hydroxyl group in the iS-position (5), nor niethyl- 
ation of the nitrogen (7)^ increases the activity of the parent com,- 
pound, whilst the introduction of a larger alkyl group (8)' or 
second methyl group (9) on the nitrogen atom seriously diminishes 
the activity of. the compound. 

The next group of compounds examined contained two: phenolic 
hydroxyl groups, ,and' included {a) derivatives of acetocatechol, 
(h) derivatives of ethylcatechol, and (c) .derivatives of. hydroxy- 
ethylcatechoL By determining the doses which produced rises of 
blood prMsure to equal submaximal heights, the approximate 
average activity, values were' found to be as follows: ' 
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(a) (1) S : 4-I)ihydroxy-ai-aiiiiaoacet.ophoiioiie, 

(OH) AH5 -c6 -CH,-NH,.. I'S 

Weaker 

(2) 3 ; 4-Dilivdroxy-£t}-methylaiiiinoaceto];)li©nono, than No* 

(OH)X;H 3 *CO-GH 2 *Ni[Me - (1); greater 

than 

[ No, (4). 


(3) 3 : 4--Dibvf'h*oxy-ci5-0thyIaminoacotopheiiono, 

(OH),c;H3*CO'CH2’NHEt . 2-25 

(4) 3 : 4-r)ilivdrox5’-&j~propy]ammoaeetophenone, 

(OHlsCVHyCO'CHyNHPr . 0-25 

(b) (5) 3 : 4-Bihydroxy-;8-phenvlethylamiiie. 

(OII)2C^H3*CHg‘CH.-Nil2 . 1 

(6) 3 : 4-Dihych:oxy-*)3“pheiiyletliylineth34amine, 

(OH)2CGH3*CH‘yCH.-N'HMe . 5 

(7^. 3 : 4-I)i]iydi’oxv-/3-phej.ivlethylethylaniine, 

(OHlaCijHsGiHyCHyNHEt . 1-5 

(8) 3 : 4-I)ihydroxv-^-phenvlethylpropyianiine, 

(OH)2C;HyCHyCHyNHPr .'.. 0*25 

(c) (9) dl-B-Z i 4-Tri]iyflroxy-3-pheiwlethyia.inme, 

(OH)2CoHyCH(OH)-CH2'NH2 . 50 

(10) 4-TrilTvdroxy-j3-plienylethv]iTiietliYiainiiie (d^adreii- 

aline), (OH) 2 asHs-CH(OH)-aH 2 'NHMe. 35 

(11) Z-3-3 ; 4-Trihydroxy-jS-plienylethylmethyiamine (Z-adren¬ 
aline) .'.■. 50 


In these series, the i\"-propyl derivatives were much less active 
than the iT-methyl and iV'-ethyl derivatives, but there is no- con¬ 
sistency ill the relative values of the amino-, iV-methyl,, and i¥-ethyl 
derivatives; in the (a) series the il^-ethyl, in the (b) series the 
iT-methyl, and in the (e) series the ainiiio-coinpound, was the most, 
active of those examined. 

Two amines containing three phenolic hydroxyl groups were also 
examined, namely, 2 :3 :4-trihydroxy-co-amiiioacetophenotie, 
(OH)sQ;H2*CO*CHo"NH 2, 
and 2:3:4-trihydroxy-i8-phenylethylamine, 

(OII)2CoayCH./CH2*NH2. 

In each case the pressor action was somewhat weaker than that 
of the corresponding catechol base. 

Consideration of the above results led Barger and Bale tO' the 
following; conclusions: ’ '‘The 'Optimum carbon-skeleton tor 
sympathomimetic activity consists of^ a benzene ring with, a'S'ide-, 
chain of two carbon 'atoms,, the terminal' one' bearing the ainino- 
,groiip. Another optimum 'condition is the presence of two 
phenolic hydroxyls in the^ 3:4-position relative to the side-chain y 
when these' are present, ^ 'an' alcoholic 'hydroxyl still further 
intensifies the activity. ' A 'phenolic hydroxyl in the ortho-position 
does not'increase the activity. 

Many physiologically active amines occur in nature as the result 
,of .decarboxylation, of amino-acids by bacteria. Of those men- 















COKSTI'i’UTIOK Aisri) PHYSIOLOOIOAL ACTION. 


1125 


tioued above, for instance, Moaniylainine and //-hydroxy-jS-pheiiyl- 
ethylaniine are derived from leucine and tyrosine respectively. 

HO-C6H.i-CI-L-CH(NH. 3)-CO.H -> HO-CfiHi-CHyCHo-NH.. 

Ty rosi n e. ‘p -Hy droxy -/3 - pli enyle thy lamirie. 

Derivatives of ethylaiiiine containing heterocyclic nuclei arc^ 
.formed similarly, thus indole-ethylamine from tryptophan and 
aminoetliylgiyoxaline from histidine. Aminoethylgiyoxaline occurs 
naturally in ergot, and is an intense stimulant of plain muscle,; 
several of its derivatives and allied compounds listed below have 
been prepared and compared with it physiologically (Ewiiis, T., 
1911, 99, 2052; Pyman, ibid,, 2172; 1916, 109, 186. Physio¬ 
logical tests by Laidlaw and Dale): 


(1) 4-Aminomethylglyoxaline....... CsHsNa’CHg'NHg. 

(2) 5-Methyl-4-ain.inomethylglyoxaline..... Me’CaHolSra'OHs'NHs. 

(3) 5-Methyh4-methylaminometliy.lglyoxaljne ■ Mc' 03 H 2 lSr 2 'CH 2 *lTOMe« 

(4) 4-3-Aiiiiaoet.liylglyoxaline .' 

(5) ^y-bis(4-Glyoxalm©)-propylamine..-I | 

iCbHs-Na-CH-CHs-NHa. 

( 6 ) i 8 ”Hydroxy-) 8 -glyoxaline- 4 -ethylamine' ...... C3H3N2*CH(OH)'CH2*l^H2. 

(7) 5-Metlxyl-4-aThiiioethylglyoxalme . 

(8) l-Methyi-4-ammoethylglyoxaliiie . MeD 3 H>>]Sr./CH 2 *CH. 2 *ISrH 2 , 

(9) i-Methyl-6»amiiioethylglyoxaline . M©*C 3 H N.yCHo*CH 2 *NHo. 

(10) 4-7-AmmobutyIglyoxaIino .CjHsNVCHa-CH^'CHMe'NHs 


Of these compounds, No. 6 was found to be less active than 
aminoethylgiyoxaline (No. 4), and No. 7 had only about a 1/200th 
of the characteristic stimulant action of No. 4, whilst the remain¬ 
ing members of the series only showed this action to a slight 
extent. .Here also the optimum side-chain has'two cax'bon atoms 
between the cyclic systeai and the amino-group, the compounds in 
'which one '(No. 1) and three (No. 10) carbon atoms separated these 
groups being much less active. The introduction of an alcoholic 
hydroxyl group (No. 6) or of methyl substituents into the nucleus 
(No. 7) or into the iinino-groiip (Nos. 8 aiul 9) also gave less active 
compounds. 

Profozoacidul JJnu/s, 

The fotirth and last example of the relation which I desire to' 
discuss to-night concerns the'action of certain alkaloids in proto- 
mahdiseasee. 'Malaria is a condition in 'v^.ich the blood is infested 
'with plasmodia, and is treated by means of quinine, which has a 
speci;fic action'' on the parasites. Amoebic dysentery is similarly 
due to infection with the Bntammha Imtolyiica, and r'es'ponds 
best to the action of emetine. Experiments. have ’ recently been 
conducted in,both fields to determine whether some derivative of 
the' alkaloids mentio'ned, 'or one of the alkaloids associated 'with 
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them in cinclioiaa bark or ipecaciianlia root respectively, have any 
advantages tkerapentically. Tlie line of attack kas been some- 
wliat similar in tke two cases; tke toxicities of tlie drug and a 
number of its derivatives to protozoa and mammals were first deter¬ 
mined in tlie laboratory, and the more promising derivatives were 
then tested clinically. 

In the case of tlie inquiry into the value of certain cinchona 
derivatives (A. C. MacG-ilcIiristj Ind. J, Med, 1914 — 1915, 

2, 315, 336, 516; 1915 —1916, 3, 1), the relative lethality of each 
derivative to different species of infusoria (as representing protozoa.) 
and to guinea-pigs (as representing mammals) was determined, with 
the object of finding some indication as to which derivative would be 
most useful ^ for the treatment of malaria, that is, would kill the 
parasite and'jet cause least inconvenience or harm to the host. 

The results obtained are tabulated below, the substances being 
.given in the order of their lethality to infusoria, ethylhydro- 
ctipreine hydrochloride being the most toxic. The mininiurQ. lethal 
dose to guinea-pigs is also .given, together with formulae designed 
to show the structural difierences at a glance; the twO' pairs of 
stereoisomerides, quinine' and quinidine, cinchonine and cinchon- 
idine, differ in the sign of the carbon atom bearing the alcoholic 
hydroxyl group. 

^ _ M.L.D. for 

guinea-pigs 

‘ [ Substances in order of lethaiity " mg. per 

to infusoria. kilog. Formula. 

1. Bthylhydrocupreine hydrochloride. 0-65’ EtO*Ci 7 H„ON{.-eH 2 *CHs. 

2 . Cmchonine siilpimto ... 0*425 H*C| 7 H 3 _s 6 ^hF 2 ’‘C'H:Cfia 

,‘k Quinine sulphate ..... 0*525 MeO*Ch 7 H 70 ON 2 'CH:OH 2 . 

4. Hydroquiniim hydrochloride .... 0*0 MeO'Oj^HigONa’OHg'CHjj. 

6 . Quinidm© sulphate .... 0*4 MeO 1^7^118ON 2 

6 . Cmciionidine sulphate.... 0*0 

From these results, it appeared that ethylhydrocupreiiie, in 
which the vinyl group of quinine is reduced, whilst ethoxy! takes 
the place of methoxyi, was a promising •subject for clinical trial 
in malaria.' On a clinical 'comparison, however, the order of their 
value was found 'to be 'as follows: 

L Hydroquinin© hydrocMoride. 

(Cinchonine sulphate. 

2. s Quinine sulphate, 

(Quinidine sulphate. 

5. Ethylhydrocupreine hydrochloride. 

6. Ginchonidine sulphate. 

In the case of the alkaloids of ipecacuanha, determinations of 
the 'relative toxicity of a number of compounds to free living 
' amiBbaS gave the following results (Pyman and Wenyon, ^ J. 

1917, in the press), ■'Emetine, .cephaeline, A-methyi- 
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emetinej and #-metliylcepliaeliBe were approximately equally 
amcebacidal; emetine methocliloricle, rubreiiietine hydro- 

cMoride^ iiorenietine, and the hydrocliloride B, 
a2oH2703lSrClo,HCl,5H20, 

obtained by tbe oxidation of cepbaeiine, were inferior to tliese, 
wliilst psycliotriiie sulphate was much inferior. These results 
indicate that the full amoebacidal action characteristic of emetine 
is only exhibited wdien the nucleus is intact. The exact constitu¬ 
tion of the nucleus of these alkaloids is at present unknown, but. 
it is certainly present intact and fully reduced in emetine, 
cephaeline, il^-methyleiiietinej if-methylcephaeline, and noremetine, 
for these substances are interconvertible in a simple manner, differ¬ 
ing only in the number of methyl groups attached to the oxygen 
and' nitrogen atoms of the molecule. 


((OH), 

[N 

Noremetine. 

[OH 

0 H ] 

^26^1251 NH 

IN 

Psyohotrine. 




fOH 

(OMe), 


NH 

X 

OepUsielUie. 

fOH 

OjsHari NMe 

IN 

N -Mothyloophaeline. 


f(OMe), 

CsjHJnh 

Eiiiotine. 

f(OiLe), 

In 

M -Metbyiemetine. 


It is interesting to note that four of these compounds' were very 
active.' The infeidority of noremetine may conceivably b© due to 
the fact that this cO'mpbund contains , four hydroxyl groups in 
place of the four methoxyl groups of emetine, for'Laidlaw (ioc, 
mt) has shown that a'mongst other is’oquinoline derivatives a 
similar change of constitution produces 'an alteration in physio¬ 
logical action, il^-Methylemetine methochloride is a biquaternary 
salt, and, as such, a difference' in its action from that of the 
parent tertiary base is not surprising. The fact that the hydro¬ 
chloride B .still retains some amoebacidal' properties is interesting, 
because of the comparatively simple constit'ution of this substance, 
which is devoid of the ■ guaiacol residue and one of the nitrogen 
ntoms of cephaeline. The two remaining substances, rubremetine 
and psychotrine, are not fully saturated, rubremetine hydrochloride 
cO'ntaining eight hydrogen atoms fewer than emetine hydrochloride, 
whilst ' psychotrine cO'Htains two atoms of hydrogen fewer than 
cephaeline. 

Some of the above compounds and certain' others' have also been 
tested on S^ntam^mba hktolytica in vitro (Dale and ^ Dobell, /. 
FharmacoL^ 1917, in the press),^ and here again emetine, 'cephaeline, 
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and W-iiietiiylemetfine proved to be active, was also tlis 0™metliy1 
etixer of psycliotiine (which had not been tested on free living 
aiiioebre), whilst psyehotriiie again proved to have only a, slight 
action. 

It is curious to contrast the similarity of action between cepliae- 
line and its methyl ether, emetine, with the difference between 
psychotrine and its methyl ether. The toxicity of many of the 
above compounds was determined, and the laboratory results 
indicated that W-inethylemetine and O-methylpsychotriiie were less 
toxic than •emetine to mammals. Since they were at the same time 
equal to emetine in amcebacidal properties, it was thought that 
they might prove to be siqrerior to this alkaloid in the treatment 
of amoebic dysentery, but unfortunately clinical trials have shown 
that this is not the case (G. C. Imw, Brit. Med, November 
13th, 1915; C, M. Wenyon .and F.-W. O’Connor, J, Roy, A.rmy 
Med, Corps, 1917, 28, 473; M. Jepps and J. C. Meakins, Brit, 
3Ied, J,, November 17th, 1917, 648). 

A review of the subjects discussed to-night leads to the con¬ 
clusion that it is very difficult to improve tipon naturally occurring 
active principles, the use of which in medicine is due to accumu¬ 
lated experience. In point of maximum effect, none of the natural 
compounds discussed to-night—hyoscyamiiie, cocaine, adrenaline, 
quinine, emetine—is surpassed by its derivatives; but, on the 
other hand, it has been possible in some of the cases to prepare 
derivatives or synthetic analogues which have proved to be of 
service in medicine. 

In conclusion, I should like to thank Dr. H. IL Dale, 
of the staff of the 'Medical Research Committee, for help on the 
physiological side, and Dr. H. A. D. Jowett for his collaboration 
in the previous paper, which' forms the basis of mtieh of the work 
,r‘ecorded above. 
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phosphates (Bassett), 620. 

Caramel, chemistry of (CuNN'iNGHAM 
and DoEitE), 689. 

Caramelan, 

Caramelin, C 24 H 2 (sOj 8 . 

Carbamides, constitution of (Werner), 

■, ■ 863. , 
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CarboH 

Carbcjnic acid, ionisation constants of 
(SUYLUK and Lloyd), 138. 
Carbonates (SBri/Eu and Lloyd), 138, 
994. 

Carbonates. See under Carbon. 
Catalysis (GniFFiTir, Lamblk, and 
Lewis), 380; (Lewis), 457, 1086; 
(Dhar), 690, 707. 

Catecliol etbers, substituted, orientation 
and scission of (Jgkeh andEoaiN.sow), 
903 ; (G. M. and K. Uobinson), 929. 
Cellulose, trimethyl glucose from (Den¬ 
ham and ‘WooDiiOnsE), 244. 

Chemioal constitution and physiological 
action, relation between (Pyman), 
167, 1103. 

reactions at Iiigli temperatures 
(Lewis), 1086. 

Ghrominm pliospliate (Josewi andRAic), 
196. 

Cinchonidine, OiflH220N2. 

Coal mines, formation of hydrogen 
sulphide by gob fires in (Deakeley), 
853. 

Cobalt bases {GG'baUii7mMnes)f isomeric, 
relation between the physical proper¬ 
ties and electro-valencies of (Db), 51. 
Cocaine, Ci 7 H 2 i 04 N, 

Codeine, CigHaiOsN. 

Colouring matters, absorption spectra 
of (Ghosh and ’Watson), 815. 
Coniine, GyHi^N. 


B. 

Biazo-oxideS, internal [ddazopliemls)^ 
constitution of (Mu no an anti Tom¬ 
lins), 497. 

, E.' 

Electric discharge through gases 
(Weight), 643* 

Emetamine, 02 gH 3 « 04 K' 2 . 


P. , 

Ferric salts. See under Iron. 
Ferrooyanides, crystal form and isomer¬ 
ism of (Bennett), 490. 

Fish liver oil, new hydrocarbon from 
(Chapman), 66. 

Flame, propagation of, the uniform 
. movement in (Mason and 
Wheelee), 1044. 

in mixtures of acetone and air 
(Whbelee and Whitaker), 267. 
in mixtures of acetylene and air 
'(HAWARD and Sastry), 841. 


Friedei-Crafts’' reaction, mcclianisin of 

(Oo PIS A row), 10. 

Furfuroids of barley, eir/ymic hydrolysis 
of (Raker and Hhlton), 121. 
Furoxans. See fwOxadiazole- oxides, 

0 . 

Cases, electric disobargii tlirough 
(Wright), 643, 

electrical ignition of (WiiEEruHi and 
Okeenwell)* 130. 

ignition of mixtures of (MoDavid), 
1003; (Mason and Whkelrk), 

1044. 

Gas-washing apparatus (Gray), 179, 
Ginger, pungent principles of (Nt)- 
muha), 769 ; (Larwdrth, Pearson, 
and Hoyle), 777 ; (Larworth and 
Wykes), 790. 

Gingerol, pro|iaration and pro|) 0 rties of, 
and its derivatives (Lai'Wort’H, Pear¬ 
son, and Hoyle), 777- 
Goh fires in coal mines, formation of 
' hydrogen sulphide by (Drakelev), 
'863, 

Hydrogen sulphide, formation of, by: 
gob fires in coal mines (Deakeley), ' 
853. 

I. 

Ignition of gases (Wheeler and Green- 
well), 130 ; (McDavid), 1003 ; 
(Maso'n and 'Wheeler), 1044. 
Inorganic compounds, structure of 
(Buiuas), 263. 

Ions, hydration of (Hewbery), 470. 
Ipecacuanha alkaloids (Pyman), 419. 
Iron:— 

Ferric chloride, eompomuis of ethyl 
etlier and benzyl vsulphidc with 
(Fuuster, Cooper, and Yauhow), 

809. 

1. 

lead iodide, solubility of (Denham), 29. 
swModide (Denham), 29. 

.<?w2?oxide, preparation of (Dknhari), 
29, 

le Chatelier-Braun principle (Ray-- 
LEIGH), 250. 

lecture, delivered before the Chemical 

■ Society (Chapman), 203; (Pyman), 

1103. 

Linseed oil, effect of, heat and oxidation 
on (Friend), 162; 

Lithium carbonate (Sbyle'R and Lloyd), ^ 

■ ^ 94 . ' 
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M. 

Magnesium carbonate (Seyleu, and 
Lloyd), 99L 
Mercury 

Mercuric nitrite, compoiindy of alka¬ 
loids with (IIay'}, 507. 
ooinpoiindsi of tliiocarbamides 
with. (RIy), lOG. 

Bimercurie t?nododisulphide (Ray), 
109. 

Mercury organic compounds :— 
niercaptide nitrites and their reaction 
with alkyl iodides (RAy), 101 . 
Mercury, detection of traces of, in toxi¬ 
cology (Browning), 236. 

Metallic oxides, action of sulphur di¬ 
oxide on (Hammick), 379. 
salts, reduction of, by organic acids, 
in presence of oxidising agents 
(Dhar), 690. 

Metals, overvoltage of (Newbery), 470. 
Methylation by means of formaldehyde 
(Werner), 844. 

MethyiemetinemetMne, G 32 H 46 O 4 N 2 . 
Methyipsychotrine, OauHasO^Na. 


N. 

Harootine, C 22 H 2 SO 7 N. 

Nicotine, CioHi 4 N 2 * 

h-Nitroamines, conversion of, into iso- 
j oxadiazole oxides (Green and Rowe), 

Nitrogen oxides, estimation of, in air 
(USHER and ^AO), 7$9. ^ 

Nitrous ae^d, Yelboity of decomposi- 
’ tionrand'dissociation constant of 
(RAy, Dey, and Ghosh), 409. 
action of, on urea (Werner), 863. 

^ Nitrogen organic compounds, asym¬ 
metric <iuiiiquevaleiit, prepara- 
' tion of (Mbldola, Foster, and 

Brightman), 533, 546, 551. 
resolution of (Reilly), 20 . 
o-Mtrosoamines, conversion of, into iso^ 
oxadiazoles (Green and Rowe), 612. 
Mtxoui acid. See under Nitrogen, 


0 . 

Obituary' notices 
Andrea Angel, 321. 

Frederick William Catoii, 312. 
Idward Davies, 323. 

Heinrich Debus, 326. , 

William Esson, '332. 

Oharles George Edgar Farmer, 314. 
John Ferguson, 333. 

John (Griffiths, 316. 

David Howard, 342. 


Obituary notices 
Leonard de Koningh, 348. 

Ernest Alfred Lewis, 348. 

James McConnan, 316. 

Cyril Douglas McCoiirt, 318, 

Raphael Meldola, 349. 

Hugo Muller, 572. 

Raymond William Nichols, 319. 
Thomas Purdie, 359. 

Sir William Ramsay, 369. 

William Gilbert Saunders, 376. 

Edwin Whitfield WheelwTight, 377. 
John Wrightson, 378, 

Opianic acid, 

Optical inversion, W^alden’s (Sbnter 
and Martin), 447. 

Overvoltage (Newrery), 470. 
fsoOxadiazoles, conversion of o-nitroso- 
amines into (Green and Rowe), 612. 
W'oOxadiazole oxides, conversion of 0 - 
nitroamines into (Gbekn and Rowe), 
612. 

Oxidation (Dhar), 707. 

Ozone, estimation of, in air (Usher aud 
Rao), 799. 


P. 

Palm kernel oil, preparation of methyl 
nonyl ketone from (Salway), 407. 
Phenylazomeconin, Ci 6 Hi 404 Ng. 
Phenylopiazone, C'X6 S[i 403N2. 
Phenylsuccinio acid series (Wren and 
Still), 513, 1019. 

Phthaionic acid, OgHgOs. 

Physiological action and chemical con¬ 
stitution, relation between (Pyhan), 
167, 1103. 

Piperonal, CgHflOg. 

Polymerisation (Briggs), 264. 

Potassium stannichloride, preparation of 
(Drxjcb), 418. 

polysulphides (Thomas and Rule), 
1063. 

Front’s hypothesis (Scott), 288. 


Q. 

Quinidine, G^oH^^O^N^. 

Quinine, G2oH2402]N2. 

Quinones, action of acetaldehyde-am¬ 
monia on (Ghosh), 608. 


R. 

Reduction in presence of oxidising agents 
(Dhar), 690. 

Bingformatiom studies in (Turner), ■!. 
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S. 

Soap, detergent action of (Pickeking), 

86 . 

Sodium carbonates, liycirolysis of (Seylek 
and Lloyd), 13^ 

polysulpliides (Thomas and Rule), 
1063. 

Bisodiiim nitrite (Maxted), 1016. 
Solvents, application of Beer’s law to 
(Stewaet and Wright), 183. 

Spectra, absorption, of colouring matters 
(Ghosh and Watson), 816. ^ 
of polybydioxyantbraqninone 
colouring matters (Meek), 969. 
of unsatnrated substances (Macbeth 
and Stewart), 829. 

Bpinacene, 

Stas, work of (Scott), 288. 

Stryebnine, C 21 H 22 O 2 N 2 . 

Bulpbonie acids," amino-, displacement 
of snlpbonic acid groups in, by balo- 
gens (Sudborough and Lakhuma- 
LANl), 41. 

Sulplaur <^ioxide, action of, on metallic 
oxides (Hammicjk), 379, 

T. 

Temperature, liigb, chemical reactions 
at (Lewis), 1086. 


TMocarbamides, compounds of mercuric 
nitrite and (EIy), 1.06* 

Tropinone, CgHiJiON. 


Unsaturated compounds, absorption 
s})ectra of (Macbeth and Stewart), 
829. 

V. 

Vanillin, OgHgOg. 

Veratric-B-sulpbinide, OylLjOgN S. 
Veratrole, OgliioGi,. 


W., 

Walden inversion (Senteu and 
Martin), 447. 

Z. 

Zinc nitrite (R^y), 169, 
sulphide, phospboreacont {Mac* 
Douqall, Stewart, and Wright), 
663, 

Zingerone, | 

Zirconium salts, basic, properties aiim 
constitution of (Rodd), 396. * 



FORMULA INDEX. 


The following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexihon tier KoMenstof- VerUndungen), 

The elements are given in the order C, H, 0, N, Cl, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus Cj group, 
C *2 group, etc.). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 

Salts are placed witli the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 

Cl Group. 

CH 4 Methane, electrical ignition of mixtures of air and (AYheeler), 411. 

1 11 

OHN Hydrocyanic acid, sodium salt, hydrolysis of (Worley and Browne), 
1057. 

CHaO Formaldehyde, action of ammoninm chloride with (Werner), 844. 
CHgOa Formic acid, kinetics of oxidation of, and its salts (Duar), 707. 

, CH 2 N 2 Gy an am id 6 , constitution of (Colson), 554. 
j CH 5 M Methyl amine, preparation of (Werner), 844. 

. 4 III 

CH40Ni;o a rb a mid©, decomposition of, by nitrous acid (Werner), 863. 

! carbamide, salts of (Dixon), 684; compounds of alkyl eaters 

with'''tTAYl,OE), 650. 

Cs Group. 

, CjjHa Acetylene, ignition of mixtures of air and (Ha ward and Sastry), 841. 
CsHi Bthylene, action of bromine water on (Read and Williams), 240. 

2 II 

C'aHa 04 Oxalic acid, kinetics of oxidation of, and its salts (Dhar), 707. 

C 2 II 7 N Dimethylaniine, preparation of (Werner), 844. 

2 III 

C 2 H 7 ON Acetaldehyde-ammonia, action of, on quinones (Ghosh), 608. 

2 IV 

Substance, from thiocarbamide and methyl nitrate (Taylor), 657. 

C3 Group. 

GjHeO Ac'e:tO'ne, propagation of flame in mixtures of air and (Wheeler and 
WmTAKEit), 267; compounds of calcium chloride and (Baostee), 404. 

CsHfi 02 Methyl acetate,'effect of sucrose on the hydrolysis,'of (Grieeith, 
I AMBLE, and 'Lewis), T,, ' 390. ' ' , 

3111 

C3H7'M8S2 ' Substance, from thiocarbamide and methyl thiocyanate '(Taylor), 659 * 

1139 . 
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C4 Group, 

C4H10O Ethyl ether, coiupourid of fcnTic chloiido with Coot ice, and 

Yaeeow), 809 . 

4 III 

C4H4O2S ajS-Thiocrotonic acid, aiul its salts (EAy and Dey), 510 . 


4 IV 


C 4 Ho€ 2 lS i8"Ioclo-ai3~thiobutyric acid, silver salt (Ray and T)ey"), 512. 
C 4 H 14 O 4 N 4 S 2 Suhstan ce, from methyl suljdiate aiul tidocarhamide (Tay'lok), 655. 


C5 Group. 

CsHgOa A c e t y 1 ac e 1 0 u e, action of aromatic amines on (Titien Kit), 1. 


Cs Group. 

CfiHfi Benzene, reaction of phthalyl chloride with (GoriRAiiow), 10. 

6 II 

CfiHoOa Catechol, orientation and scission of suhstituted ethers of (Jones and 
Robinson), 90S; (0. M. and It Robinson), 929. 

Phenylhydrazine, action of, on opianic, idtro-opianic, and phthalonie 
acids (Mitter and Sen), 988. 

6 111 

CaH 40 Na Benzisooxadiazole, preparation of (Omen and Eowe), 618* < ti!/’'':'""' 

6 IV Y'''' 

CeHiOiNaS Benzenediazo'l-oxidesiilplionic acids, and their salts (Moe- 

(UN and Tomlins), 501. 

Phen 01 * 3 - and - 4 -diazonininsulphonates (Moegan and Tomlins), 503 . ^ 

C6H4NBra Dibromoiodoanilines (Surboeoitoh and Lakhumalani), 47. j 

0,Hia04NiS3 Substance, from ethyl sulphate and thiocarbamido (Tayloe), 656. 

Gr Group. 

CvHeOg 2:3:4:6-Tetrahydroxybenzoic acid (-f HgO) (Kieeenstein), 5. 

7 III 

CyHsOgNs Substance, from diazotisalion of n-nitro-S-andnosalicylic acid (Mel- 
noLA, Foster, and BuiaiiTMAN), 541. 

VAOMr 4 ; 5 -T)ic 5 bloroeatecbol motbylene other (Ore, Eobinbon, and 
Williams), 949. 

C 7 H 402 BP 5 | 4:5-I)ibroinocatcchol methylene ether (Jones and Robiksok), 
913. 

'C 7 HSON 3 F'onnybjj'phenylonediazoimide (-|-l|HijO) (Moeoan and Ufton), 
190. ' 

C 7 H 60 Na 5 -M 0 thylbenzwoxadiazole (Ghken and Rowe), 619. 

CrHeOaBpa 4;6-Dibroinoguaiacol (HiNDMAKsxb Knight, and Robinson),'942. 

€ 7 H 702 Bf S-Bromogttaiaool (Hindmarsh, Knight, and Robinson),'M l, 

7 IV 

070300^201 'Substance, from diazotisation of chloroaminosalicylic acid (Mel- 
noLA, Foster, and B eighth an),' 543. 

C 7 H 306 R 2 OI 4-Ohloro-5;6-diaitr,ocatechol methylene other (Oer, Robin¬ 
son, and Williams), 951.. , ■ 

'C 704 O 2 CIBF '4-Chloro-5-bro'nxocatech,ol methylene ether (Ore, Robinson, 
'and Williams), 960, ' 

C 7 H 404 NCI ' 4-ChlorO“5-nitrooateciiol .methylene ether (Ore, RobinsoN';.: 

' ' and Williams), 951. 

" a/'A. , , ■ '.1140' ’ ' 
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C,H,0,NBr 4-Bromo-|)-iiitrocatechol methylene ether (JoxEs and Robik- 
son), 918,' 

CvH^OsNCi 3"Chloro-5-iiitrosalicylic acid (Meldola, FosteEj ami Bpjght- 
MAK), 642. 

5-BromO“4:6»diiutrogiiaiacol (Hindmaush, Knight, and 
Robinson), 942. 

C7H60<8NCi 3-Ohloro-6-amiiiosalicylic acid (Mbldola, Fostee, and 
Buightman), 642. 

C^HeOaNBr 3-Brom O'5-a mill 0 salicylic acid (Muldola, Foster, and 
Brightman), 645. 

C7H60,iNCi 4-Chloro-5-nitrogiiaiacol (Gibson, Simonsen, and Rau), 82. 

C7HeO,MBr 6-Bromo-5'nitroguaiacol (Jones and Robinson), 917. 

Ca Group. 

CgHsOg 2:3:4:6-Tctrahydroxyacetophehoiic (Kierenstein), 6. 

CsHkN Coniine, compound of mercuric nitrite and (RIy), 507. 

8 in 

CsEiOaCl^ Phthalyl chloride, reaction of, with benzene (CopisAiiow), 10. 

CgHiOsNa 5*]Sritro-3'Cyanosalicylic acid (+H^O) (Meldola, Fosteii, and 
Brightman), 545. 

GaHsOsCI 6-Gliloropiperonal (Ore, Robinson, and Williams), 948. 

€aH504Cl 6-Cliloi'opiperoiiylic acid (OiiR, Robinson, aad Williams), 948. 

CsHjOsNs 4:5:6-T riiiitroothylenedioxybenzene (G. M. and R. Robinson), 
936. 

CgH 70 N Substance, from ^ji-benzocpiinoue and acetaldehyde-ammonia (Ghosh), 

611« ' •‘if'' ' 

CsH^ONg Acetyl-;?-phenylenediazoimide (+HgO) (Morgan and IJpton), 
193.' 

GsHvOgN Nitromothoxybenzoio acids, and their salts (Simonsen and Bau), 
224, 

4j6i‘-Di:hi'tfo-6-aminoethylenedioxybenzcn6 ' '(G. M. and R. 
Robinson), ' 936v' " ; , 

CsHANa Jfitroaininomethoxybenzoio acids, and their salts (Simonsen 
and Rau), 226. 

CgHgOsNa 3;4-I)initroveratrole (Gibson, Simonsen, and Rau), 83; (Jones 
and Robinson), 911. , ' 

CgHsOsNa 8;5-Dinitro-2:4-dihydroxy-j3-hydroxyethoxybenzene (G. M. 
and K. Robinson), 938. . 

CsHsOaN Aminomethoxybenzoic acids, and their salts (Br monsen and 
Rau), 224. 

j?-H.ydroxyphenylgIycine, preparation of (Meldola, Foster, and Bright- 
man), 552. 

CgHgOiN Nitro-2-ethoxyphenols (G. M. and R. Robinson), 932. 

Binitro-S-aiiiinoveratroles (OinsoN, Simonsen, and Rait), 79, 81. 

C8Hi<,04Ns, 5-NitrO'3-aminoTeratrole, and its salts (Gibson, Simonsen, and 

' ' ;';;'&AU), 76. ' 

6“1Sfitro¥eratrylamine (Jones and Robinson), 914. 

CgHioOsN^ 3:6-l)iiutro-2;4-diaminophenetole (G. M, and R. Robinson), 934 

CgHioOeN^ 3:5-I}initro-2;4-diamino-|8d]Lydroxyethoxybenzene (G. M. and 
K. Robinson), 986. 

C«HxiO.N S-Aminoyeratroie, and its xncrate (Gibson, Simonsen, and Rau),79. 

GiHjgON Tropinone (Robinson), 762. 

' ■ ' ' 1141 ' 
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8 IV 

CsHTOsNsBr Broinotliiiitrovcratr'olcis(JoN'KM and Eownson), 921; (Hi'NI)- 
MARSH, Knight, aud Robinson), 943. 

CgHsO.NBP 6-B roTiio-5'iiitrovorat role (Jonjss and Robinson), 917. 

"CaHoO.NS Nitroveratrolesnlplioiiic acid, potassiiuii salt; of (Ruown and 
Robinson), 953. 

CsHnOsNS 3- and 5«Aminovorutrole'4-sHlplionic acids (Brown aud 
Robinson), 954. 

CaH„04N,Sa s ubstance, from efcliyi oxalate and fcluooarbamidc (Taylor), 661. 

8 V 

CgHfiONBral onioiodoacetanHides (Sudbokough and Lakhumalani), 

47 . 

CgHgOfiHCiS 5-Ritrovcratrole-4‘Sulp}i.onyl chloride (Brown and RobiN” 
son), 953. 

Co Group. 

CjjHgOg Plitlialonic acid, action orplicnylhydvajime on (Muter and Sen), 988. 

Substanco, from triinethyl glucose and hydrocyanic acid (Beniiam and 
Woodhoijsr), 248. 

CgHigOg Trimethyl glucose (Denham and Woobhohse), 244. 

9 III 

CgHgO'^^^a 5:6-Metiiylenedioxy-'2-methy,lbenziminazole (Joni^s ami 
Robinson), 916. ' 

5-Nitro-2;3-diinetlioxyben2onitrile (Gibson, Simonsen, and 
Rau), 76. 

CftHgOgNa 5*3Srjtro-4-acetylamliioeatechol methylene ether (Jonks anf| 
Robinson), 914. ^ \ 

CsHgOgNa b-Ritro-S-acetylaminosalieylic acid (Meldola, Fosteu, andi 
Brightman), 541. . f 

CjjHgOaBr /Q'Phcnyba-bromopropionic acid, kinetics and dissociation con"l 
slant of (Sknter and Martin), 447. / 

C^HjjOgBr 5-Bromo-2-methoxyphenyl acetate (Hindmailsh, Knight, amll, 
Robinson), 941. 

CnHgOijN M ethyl n i t r o in e th o x y b e ii z o a t. c .s (vS i m o n sk n and Ka g ), 229. 

€BHiflO«N2 6-Nitr(>2-anuBo-8:4-dimcthoxybenyioic aciM (Girhon, Simon- 
SEN, and Eait), 75, . ' ■ , 

CgHjiOaBr 6-Bromohomovoratrolo (doNEs and Robinson), 919. 

Substance, from thiocarbamido and benzyl tbiooyanatc (Tayoor), 660. 

OgHjaOsNa 6(or 6)-Nitro-‘6(or 5)-amino-l;2:4-trimcthoxyb0n2enc (Jones and 
Robinson), 926. 

'C0H12O6N4 3;5-l)iintro-2:4-dimethylaminoanisolo (Hindmarsh, , Knight, 
and Eobinson), 944. ' 

9 IV 

C9HSO4NCI 3*.Ohioro-6-acetylaminosalicyiic acid '(Meldoia,, fosTEE^Ami 
'Bbightman), 543. , , 

CgHaO^NBP, Bromonitroveratraldeliydes (Jones and Eobinson), 920, 923. 

G.HANS Veratrio-6-sulpliinide (Brown attd Eobinson), 956. 

CsHiANBr 6-*Bromo-5-uitrohomoveratrol,i& (Jones and Robinson), 919. 

CMwOM H'om'Overatrole-6Anlpho.Bamide (Brown and Robinson),'9647/" 

Cio Group, 

CigHuO. Benzoylacetone, action of aromatic amines on (TornbR), 1. , 

CioHijOji Opianic acid, action of plienylhydtazine on (Mitotr and Sen), 988. 

. 114.2 ■ ' ■ ■ ■ 
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CioHiaOg 2:6*Diliydroxy-8:4-(iimctlioxyacot opheiione (Fieeknotein), 7. 
CioH^Wg Nicotine, compound of mercnno nitrite and (IL\y), 507. 

CioH„N TO-Butylanilino, preparation of (RiiULLy and Hiokinbottom), 1026. 
CioHidNg Phenyl-'a-bubylhydrazine, and its liydroehlorido (Reilly and 
Hickin bottom), 1028. 

^nPhenylene-ji-butyldiamiuo, and its salts (Reilly and Hiokinbottom), 
1032. 

10 III 

CinH( 50 N 2 N a p li th 0 X ad i az 0le (Giieen and Eowe), 617. 

CirtHd02N2 N a p h t h MO 0 X a d i a z 0 1 e oxide (Oee k,n and Rowe), 616. 

CioH,0,N Nitro-opianic acid, action of plienylbydrazine on (Muter and Sen), 
988. 

CxoHipOgNa Acetyl derivatives of nxtroamiiioraethoxybenzoic acids 
(SiMONSEN and Rait), ‘231. 

CmHuO^N Acetyl derivatives of amino met boxy benzoic acids (SiMONSEN 
’ ■ and Raii), 225. 

Ci«HaO«N N i t r 0 p i p e r 0 ji a 1 d i m 0 1 b y 1 a c e t a 1 (Robinson) , 120. 

Di n i t r 0 '3 -a c e t y 1 a m i n 0 V e r a t r 0 1 e s (Gi BSON, Simon sen, and R ah ), 

78, 81. 

C 10 H 12 O 6 N 2 6-Nitro-3-acotylaniinoveratrole (Gibson, Simonssen, and Rah), 

^ 76. 

Acetyl derivative of 6-nitroveratrylamine (Jones and Robinson), 914. 
CioHiaOijNo 4;5-T)iiutrocatechol diethyl etlicr (G. M. and R. Robinson), 
933. 

^ioHi 302 N 3 i tr 0 so-R-l) 11 tylauiline nit rose amine (Reilly and Hickin- 

BOTTOM), 3032, 

CioHjaOaM 3-A cetylaminoveratrole (Gibson, Simonsrn, and Rah), 80. 
C,„H„ONa itrOSo-?i-butylaniline, and its hydrochloride (Reilly and 

Hiokinbottom), 1030. 

10 IV 

CioHiiOsNS iV^-Mothylveratric-6‘Sulphinide (Brown and Robinson), 956. 
CiflHiaOaNBr 6-BYp'moAcetoveratrylamide (Jones and Robinson), 912. 

On Group. 

C,iH ]204 Ethylcarbonatovanillin ( Lap worth and Wykes), 792. 

:4;6-Trim e th 0 x,y-2:5-q uin o a 0 e 1 0 ph en on 0 (Fi erbnstein), 8. 
2;ingerono (Fomitiia), 769; (La3.*worth, Pearson, and Royle), 7,85'; 
(LapWORTH and Wykes), 792. 

CnHyOt} Hy droxytriinethoxyacetopiienones (Fierenstbin), 8, 

CiiHt 40 o 2;5"Dihydroxy-3:4t6'triinethoxyacetophe«ano (Fi»',renstein), 8 . 

2;3:4:6-Tetraiue''thoxybenzoic acid (Fierenstein), 6 . 

CaIIo.iO Methyl nonyl ketone, preparation of, from palm kernel oil (Salway), 
407. 

11 m 

6-Ghloro-3:4-methyicnedioxystyryl methyl ketone (OitR, 
Robinson, and Wi,lliams), 948. 

CiiMiiiipA 6-Fitro-2-acetylaminO“3:4-dimethoxybenzoic acid, and its 
Sliver, salt (Gibson, SiM'ONSBN, and Rah), 74. 

CiiHigOsOl ' ■2:3:4;'64''etra'methoxybenzoyl chloride (Fierenstein), 6. 

11 IV 

CuHioOgFOi' 3"OhloTO"6-diaoetylaminosalicylic acid (Mblbola, Foster, 
and Beiohtman),F42. 
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12 11-14 III 


FORMULA INDEX. 


Ci2 Group. 

C.oHifiOji Metliylzingerone (Nom'utia), 772 j (LAinvoRTK, Pbarhon, and 
Roylb), 786 . 

CvMiA, T etraniethoxyaceto]»henono (Nierbnrstbin), 7. 

CigHifOe Methyl 2:3:4:6-tQtrametlioxybeuzoate (Kiisukn,stein), 6 . 

CM, c arainelaii, preparation aud constitution of (OuNNii^aHAM and 
Boree), 593. 

C. 8 H.^ 0 u s lie rose, effect of methyl acetate on the inversion of (Griffith, 
Lamble, and Lewis), 390» 

12 III 

Cj 2 HsO-iiNg 2;4;6:3':5^-Pe n t a n i t r o-4'*h y d r o x y d i p li e n y 1 a m i n e (Meldor a, 

Foster, and Buightman), 550. 

Cji 2 HgO» 7 N 4 2:4:1“T r i n i t r o-4'-h y d r o x y d i p li e ii y 1 a mi n e (M Ei. i) o la , Foste u, 
and Brightman), 548. 

Substance, from 2:4:6-trmitro-4Miydroxydiphonylamme and nitric acid (Mel* 
DOLA, Foster, and Brigiitman), 550. 

2:4-I)iiiitro-4'-hydroxydix)honylamine (Melbola, Foster, and 
Brightman), 547. 

Ci 8 Hn 04 N Ethyl a-cyaiiocaffeate (Latwoeth and Wykes), 798. 

Ci^HisOsNs 4:5-Dhiitro-S-diacetyla,minoveratrole (Gibson, Simonse.k, and 
" Ear), 79. ' ■ ■■ 

Ci 2 Hi 40 i 7 N 4 Oaramelan tetranitrate (Cunningham and Doriiie), 695. 

Ci 2 Hi 703 lSr Methylzingeroneoxime (Nomura), 773 ; (Lapwoeth, PiBARtoN, 
and Royle), 786. 

Ci3 Group. 

CigHnO.i 3;6;3':6'-Tetrahydroxydiplieuylmethane, prex)araLion of (Ghosh 
and Watson), 825. 

C 13 H 16 O 4 Acetylziugerone (Nomura), 772. 

CigHigOg Ethylzingeronc (Nomu,ra), 773. 

13 III 

CijHgONi Benzoyl-yj-phenylenodiazoiniidc (Morgan and Uig’on), 105. 

C„H„ 0 ,N, p-Nitrohenzylis’opicranrio acid (Melooo.a, Foster, and niiOHiT*- 
man), 553. 

GisHnOsNa 2 ;4-D i n i t X o-4'-hy d v 0 x y d i p h c n y I ni e t h y 1 a in hr c ( Melool a, 

Foster, and Brightman), 549. 

CjaHiAN Ethyl Yanillylidenecyanoacetatc (Lafworth and Wyke.s),796. 

G 13 HS 1 O 2 N ^-Diethylamino-jS'-phenoxy/anpropyi alcohol and its hydro- 
chloride (Pyman), 170. 

Ci 4 Group, 

C 14 H 14 S Benzyl sulphiclo, compound of ferric chloride with (Forster, Cooper, 
and Yarrow), 809. 

CxAsOs Ethyloarhonatozingcrono (Lapworth, Pearson, and Kdyle), 
785; (Lapworth and Wykes), 794. 

14 III 

G^HtOioNs 2:4:? ri-T e t r a n i t r o-'4'-h y d r 0 x y a 0 c ty 1 d i p h e n y 1 a m i n 0 (Me luo la, 
Foster, and Brigiitman), 549. 

2:4:?-Trinitro-4MiydroxyacetykUphonylamine (Meldola, , 
Foster, and Brightman), 648. 

'CX 4 H. 0 O 4 F. 4:5i4':6 '-Dimetliylenetetraoxyazohenzenc (Kobinson), 113. 

GiiHnOfiNa, Acetyl derivative of 2:4-dinitro4Miydroxydiph enylamiU'' 
(Meldola, Foster, and Brightman), 548. 
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FOBMTJLA INDEX. 


14III-16 III 


CmHuObNs Dinitfoaiiiliiiovoratrolc (Hindmaiwii, IvNUUtT, an<l KouitfsON), 
944.. 

CiAbO A P h e n y 11) yd i‘az 011 e of 2:3:4:6-1otr a li y d i* o xy a c e t o p 1\ eii oii e 

(S'lERB.NBTElN), 7. 

CAO 4 N, ^-Diebliylaminoethyl ^-nitroplietiylacetato, and its salts 
(Fyman), 169. 

Cx4H230aNa i 3 -Dietliylaininoebliyl j^-aitiinoplxeuylacetate (Pyman), 170* 

14 IV 

CiiHi 203 NCl Clilorobenzylaminosalicylic acid (MBLDonxi, Fostbii, and 
Biughtman), 544. 

C16 Group. 

CJisHjoOg Plydroxyqixercetin, syntliesis of (Nierenstein), 4. 

CisHiAo 2:3;4;6-Tetra-acetoxybeiizoic acid (Nierenstein), 6 . 

16 in 

CxbHoObNb 2-Nitro-4:6;4':5'-dimetlxyleiietetra()xy azoxybenzene”2'-oarb- 
oxylio acid (Robinson), 119, 

CibHioOsM.! Substance, from trinitroacetylaminoplienol and aminosalicylic acid 
(Melbola, Poster, and Beightman), 538. 

CigHjjiOsBra 5-Broitto-2-metlxoxyplxenyl carbonate (Hindmarsh, Knight, 
and Robinson), 941. 

Nit/ro- 2 »ethoxyplieuyl benzoates (G. M. and E. Robinson), 

933. 

Cj. 5 Hi,iO.^Na ji-Nitrobonzoyl-p-plxenotidine (Pyman), 172. 

CisHHOgNa 5 -Nitro-3-bGiizoylaminoveratrole (Gibson, Simonskn, and 

Rai;), 76. 

Ci,Hx.O,N, 8 ; 6 ’B ill itro-2;4-diaminO'i8*bcnzoyloxy ethoxy benzene (G. M. 
and li Robinson), 937. 

O 15 II 15 O 3 N 3-BenzoylaminoYeratrole (Gibson, Simonsen, and Rab), 80, 
CjsHisOsNs Dinitro-i^toliiidinoveratrole (Hindmarsh, Knh 5HT, and 

Robinson), 946. 

CisHisOaNa j 0 «Amittobenzoyl-^“plxenetidine (Pyman), 172. 

Cie Group. 

CwHi^Oi r- and wwo-Biplienylsuccinio acids, interoonversion of esters of 
(Wren and Still), 1019. 

16 III 

CieH^OeN, Lactone of 3-hydroxy-5:6:4':5^-diTmethyl6net6traoxy*2" 
p}ionyHndole-« 2 ^-carboxylic acid (Robinson), 118. 

CasHioO^Na 2:3:6;7“Dimetlxylen6tetraoxyanthraqninonedi-imide (Brown 
and .Robinson), 957, . . 

CusHioOvNa Azoxypiperonal (Robinson), 117. 

CiaHj-ANa yj-Hydroxybenzeneazodiliydroxynaplithalenes (Ghosh and 
AVatson), 8‘23. 

CjieHiaOaN'.i Substance, from nitration of C 8 H 7 OH (Ghosh), 611. 

CwHisONa o-Aminobenzeneazo-a-naphthol (Ghosh and Watson), 824. 

^ ^-^Hydroxybenzeneazo-jS-naplitbylamine, and its hydrochloride (Ghosh 
' and'W atson), 824. 

CieKwOsH j?-Ritroacetylbenzoin, reactions of (Frances), 1041. 

OieHjsOeMa Phenylazonitromeconin (Mitter and Sen), 992, 

Hiacetyl derivative of 2i4-dinitro-4'-liydroxydiphenylamiiie 
(Mbldola, Foster,' and Beightman), 647. 

CwHuOgNg Pheiiylopia'zone (Mittee and Ben), @924 

CXI, 1145 ' $:A' 



16 in-19 III 


FORMULA INDEX. 


CjeHj^O.ila riicnylazomeooiJin (Mttter and Sen), 991. 

CicHieO.iNl Substance, from phonylhydraziiie and opiauic acid (MiTfer, and 
Sen), 991. 

CiflifAfN.! 6:f/-Diiutroazoxyvcratrolo (Routnson), lid. 

6 -Nitroazoxyveratrole (Robinson), 115. 

Ci6Hts05N2 Azoxyveratrole (Robinson), 114. 

16 IV 

CxA.iONBp Benzoylacetone-p-bromoanilide (Tuiiner), 3. 

Ci6Hi60 «N4S 6-Nxtro vetatryl-4:5-t hiotriazo v erat role (.Tones and 

Robinson), 925. 

C1A7O5N2BF 6-B ronioazoxyvei'atrolu (RoBrnsoN), 115. 

CieH,a0iN4S 6-A m i n 0 y e r a t r y 1-4 ;5-t h i o t r i a z o v e r a t r o 1 e (Jo N iss and 

Robinson), 925. 

Cx6 H220 ,jN4 S3 Substance, from benzyl sulphate and tliioearbaniidc (Taylok.), 

m’ 

Ci7 Group. 

Ci,H„ONs Beuzoyl-l:4-naphthylenediazoimidc (Mokgan and Ubton), 
196. ' 

4-Hydroxy-3-carboxybenzoneazo-i8-napbthol (Mebdola, Roh- 
TEE, and Bbightman), 538. 

CxHHn07lSf4 4;5-Diniti'o-2-liydroxy“l-metboxy-3-azo-j8-napbthol (Gibson, 
Si MON SEN, and Raij), 82. 

CivHi 30->N3 Formyl-jS-aminobenzeneazo-^-naplitliol (Morgan and Upton), 
193.“ 

Ci*rH 1 (5041^2 8 i t r 0 b e n z 0 y 14 -m e t li yl-1; 2; 3:4-t e t r a h y d r 0 q u i n 01 i n 0 

(Pyman), 171. 

Cx.Hx^OsN 8 -B e n z0y 10xy4«m ethy 14:2:3;4-1e tra Iiy d r oq u i n o I .iu e (Fym an), 
171.“ 

CivEixON nnd Z-Pb enylbenzyhnetliylallylammoniurn hydroxide, 
salts of, with bromocampliorsulphonic acids (Reilly'), 20, 

Cocaine, compound of mercuric nitrite and (KAy), 509. 

17 IV 

Cj^HnOxN-xCI 5 - C li 10 r 0 -4 4i y d r o X y-3 -c a r b 0 X y b 011 z e n c a z 0 -yS - n a p b t. 1H»1 
(Mew)Ola, Fosii'eb, and IRiightman), 543, 

Gi 8 Group. 

Substance, from anthraquinone and acctaldebydc-animonia (Ciionh), 

on: 

CisHisOx Bonzoylzingorono (Nomura), 771. 

18 HI 

CisHisO^Ng Azoxyveratraldehyde (Robinson), 121. 

CigHgxOaN Codeine, compound of mercuric nitrite and (RAy), 608. 

18 IV 

CXSH22O4N4S2 Substance, from benzyl oxalate and thiooarbamide (Taylor), 601. 

Gi 9 Group. 

O19HX4O6 Trihydroxyaurin (O-HosH and Watson), 826. 

Ci 9 Hx 407 Trihydroxy-9*<3-|?-dihydroxyphenyl-6-fluorones (Ghosh and 
Watson), 828. 

19 III 

CisHigOgCls Di-6-cb.lorometliylenedioxystyryl hetone (Oiin, Rorinbon, 
and Williams), 948. ' ' 

CxsiHasiON^ Cinchonidine, compound of mercuric nitrite and (RAlY), 608. 
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FORMULA. INDEX. 


20 11- 23 UI 


C..rt Group. 

CaoHu^O^ 2-ITydroxy-;]:4:64vimctlioxyp]ieByl ox yn i.y ry ( kti- 

tone (Kjbren 8 T,ei,n), 8 . 

5-.7:8Peiituinetlioxyf 1 ii v anoii6 (Nikrmk.stwin), ‘,K 
C3()H28N.| Diplieuy Idi-'^-biityltotranaiio {Rktlly and UiCKiKn/rriiw), 1030. 

20 III 

C.(>HriO,‘N Diben^^oyl dorivativc of nitrocatocliol ( 0 . M. and R. iloiiiNsoN), 
930. 

CaoHivON .Benzoy ]acnfcoi),e-a- aud -jS-naphtlialid o.s (TiritNKii), 3. 

C‘jo H 2 iO,sN N' i t r 0 s 0 - 5:7 :S :3';4'>p e n t a in e t h o x y 1 '' I a v a, u o ii e { N f E liE n « 

8 TEIN), 9. 

C 20 H 1 UO 2 N 2 Quiiiidino, compound o,f mercuric nitrite and (Ray), 507. 

<.,Uiinine, compound of mercuric nitrite and (RA.y), 507. 

jS-Diet liyIamino-; 8 '-phenoxy 7 .s’opropylbcnzoato, aud its .mite 
(Pyman), 170 . 

20 IV 

C 2 oHi« 0 (iN 2 Br.> Dibroruoictr'amethoxyindigotins (Jonbe aud .Robinhok), 
921, 924. 

C21 Group. 

CihHi..03N2 1 : 2 -Motliylenedioxyplionantlu'aplienai{ine (.Idnkh ami 

Kobikson), 927. 

03 iH:ir, 0 |iN jf^N'itrobc uzoylbcnzoiii, constitution and bydrolywis of (FraNCIh), 
1043. 

C 2 iHig 04 N 2 Oyanodiliydroberberine (G. M. aud It, Rouinbdn), 96t3., 
C 2 iHia 03 M 5“J)ibenzylamino8alicylio acid (Mbbuoua, li^osTKib awd 
'BiiiGiiTJVtAN), 537. 

CoiHaoOyNg Auhydroberberincnitrometliane (G. M, and R. Robinson), 
968. 

C. 21 H 31 O 5 N Mctlioxydihydroberberine dG,^M. and R,'EO'BInsoh), 967. 
C^aiHaiiOaNA S trye,Inline,, .compound ol'merourb nitrite and^(EiY), 508, 

, ^ 

'' 4"0,b 1 0 r'b* 1:2un e'tby 1 e n edi 0 xyp li ena n tli r ap liC nazi n e' 

(Ore, Robineon, and'WinniAMs), 951/' 

C22 Group. 

C«H«0, 2-Aoetoxy*3:4:6-trimetboxyphenyl S;4-dimethoxystyryl ke» 
tone (i^IKEENSTKIN), 9.' ^ 

22 111 

C22HuO‘2Ns 2 : 3 -Ethylenedioxyplionanthraphenazine (G, ' M. and B. 
Robinson), 935 . 

G 22 H 2 [ 0;(N 2-0 a rb 0 Xy-4-d ib en zy 1 m e thy 1 a m m 0 ni um-l-b 6 n z 0 C|u i II 0 n e 
(Mi/uuola, Rostbe, and Buightman), 638. 

Ca.>HoiN S Tribenzy 1 sii 1 phi n iu in cyanide, and its salts ( FoRST ee, Goo pe r, 

" and Yai/row), 813. 

.'CjigfiggOyN” Narco tine, compound of mercuric nitrite and (Ely), 608. 

22 IV 

CAAmr ' 4-B romo-l;2-dimethoxyphenauthraphenazine (Jon® and 
Robinson), 928. 

C23 Group. 

CasHiaO'jNa Trimcthoxyphenanthraphenaz:ino,s (Jones and Eobinson)^ 

' 9281 
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23111-30IV 


FORMULA INDEX. 


C2iH240M2 4-Hydroxjmalacliite-green (Gtiosh and AVatson), 82(). 

2:4-DiIiydroxymalac:]iite-grGen (GiiosH and A^Amw) 820 

C2.‘iH2604F2 Brucine, compouml of mercuric nitrite and (Ray), 509. 

C24 Group, 

C24H26O13 Caramelin (Cunninoham and Bokice), 602. 

24 III 

CaAoOaNa SrS-Dietliosyphenanthraphenazine {G. M. and R. Eowntom), 
C 8 iH 2 j 05 N D^pipei'onylicleiieti’opinoa e (Robinson), 765, 

C20 Group. 

“Its (COH- 

OssHjjOj Mentliyl hydrogen diphonylsuccinates (Ween and Smi,), 521. 

Css Group. 

CasHisOsNa S;4-Di-p.nitrotetraphenylfuran (Feanois), 1039. 
o H n V .■^^°-’^yPiperoiial diphenylhydrazone {Robin.son), 118. i 
OjsttasUsN Anhydroberberineacetophcuone (G. M. and R. Robinson), 968.\ 

Css Group, 

C 2 SH 30 O. 1 N 2 Einetamine, and its salts (Pyman), 442. 

C2aH380iN2 Methylpayohotrine, and its salts (Pymak), 431. 

C30 Group. 

C30H50 Spinaoene (Chapman), .56. 

SO II 

CsoHjiNi Hydrazone of substance, OisHjaOj (Ghosh), 612. 

^soHfioBl’ia Spinacene dodecabromide (Coapman), 03, 

30 in 

CjoHssaNj Benzoyl derivative of 3-diniethylam ino-9-o-n-dilivdrorv. 

phenyl- 6 -dimothylflnorinie (GHO.SH.and Waiison), 28. J J 
CaoHssO,,Ns Benzoyl derivative of S;6-teti'ainethyldiamino-9-»-hvdroxv. 
phenylxanthene (Ghosh and.WAreoN), 827. ^nyaioxy- 

Phenylliydraziae (Ohnninoham 

CiwHgOu^Nj ^Bubstanoe, from oaramelan and phenylhydraziue (Cunningham and 

Ca(,H4ii04H2 ^lethylemetine, and its salts (Pyman), 444. 

CsoHRoOiaNg Spinacenc nitrosate (Ghapman), 67. 

30 IV 

CaoHg^OaNaCla Spinaeene trinitrosocliloride (Chapman), 64. 

GsoHsoOfiNgCIe : Bpinacene liexanitrosochloride (Chapman) 66 
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I-'().RMttLA miJKX. 


32 m.51 III 


C;a Group. 

CiioHgBO^Na IM 1 m‘ ii z<»y 1 m p vo py 1 i d i*. iu‘I n /i di ii u (TiniNjGH,), 4 . 

and its salts (Pvman), 44fi* 

G;,c Group. 

ctrahcMizoyloxyl)fui;!()ic aoici (.M'ikhknstfjn), 6 . 

35 IV 

C;j,- 5 H,ioO;!N 4 Cl> ^SpiiKiceiie flinitrosof’hloride iiitrolpiperidide (Chap¬ 
man), 65 . 

Cso Group. 

CjKjHfioO^ Dimetliyl dipluuiyIsuociiiates (WfiiSNaiKl Still)* ^520. 

36 111 

CMEiANa BcniJoyhiiPthylpsyclioti'inc (Pyman), 4S6. 

C;}r»H 440 r,N 2 Beii^oylwiiinetiiie (Pyman), 4S9. 


C37 Group. 

C;{7H4;i02oN 8 Substauco, from caramelau aiui semicarbadde (Cunningham and 
DokiSe)* f>98. 

37 IV 

C;-;H580aN4Cl2 SpiiiacGiie diiiitrosochloride niirobenzylamide (Chap¬ 
man), 66, 

C40 Group. 

G^Ha^Ois Catamelan tetrabenzioate (Cunningham and Dori^e), 595. 


O4S Group. 

CiaHsoOsN’g Spinaeene trittitrolpiperidide (Chapman), 65. 
CstH 740 jN 9 Spinaeane trinitrolbenzylamide (Ohapma»f), 66. 
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EIIMATA. 


Pa,^c 
17 
• 4y 
68 


104 


107 

168 


243 

260 

267 

511 


650 

655 


791 

82S 

005 

908 

946 

1070 

,1087' 


Line 

24 

2 

12 "- 

15 


11 * 

1 ' 


15* 

13* 

15 

7* 


VoL. Ill, (Trans., 1917). 


fov “ tUplienyplithalicle ” read ‘‘dipHeiiylplithalide/’ 

,, ^Miydroyl’’‘niydrox^l. ” ^ 

>5 ^ ^^281^58 Tcad ‘ ‘ Cayligg' ” 

BHgNO, » *‘HgKOa HgNO, ^ ’ 

„ -S-S-S-HgNOj. raiA —S-i-SifeNOj 

I 1 .A_ 


[Sor-NO-iO-Hg 


■NO.’ NO-iO-Hg 
“ Hg = 6-U Hg = G 9 - 14 .” 

“devoid of local auioatliotio properties (compare S. Friinkel, ‘Die 
Arznoimittol-Synthese,’ 191*2, p. 349), but” read “having local 
aniEsthetio properties in a lesser degree (Ehrlich and Eiuhorn, 
Bcr., 1894, 27, 1870), and.” 

“water” j'cttfi “oxygen.” 

H 3 N->+'r,^l 
H*N->Co;zS 
H 3 N-> 

(VII.) 

‘CH5*0 = 0-C0 ’’ 

^ <0^ 


(VII.) 

read 

<‘CH 3 * 0 ~ 0-00 


HgCl 


S/ 
HgCl 


10 

13 

16 

4* 

16 


7’*‘ rttad the percentages of primary amine at tlus hint of Ei’g. 2 in reverac 
order, i.e, ‘‘7, 0, 5, 4, 3, 2, 1, 0.” 

1 for ‘‘ a-/i Ikalddotnrbamidf's ” read S-// Ih/IiMocarhamMcs, ” 

S’** „ 

GH:0,AcjCOgliltOH:OAc-OOj>.Kt.” 

/\ /\ 

I |OMo recul | jOSIo 

\/ \/ 

OH Oil 

“C^oILANe” “OuellsANs.” 

“Meo/Vno” ', “mco/Vho 

MeOlJMe MeOl, jBr 


OIIe< 


i^VOj”, 






read 


OH,<gQi03 

, , “ displaenmnt ” read ■ * displacement 
„ perdasulphate"’ read *^pe7d(icsulphide.** 

,, 156*3 ju.” rmd “ 156‘3 g/A.’* 


^ Froin bottom. 
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